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SUMMARY   OF  THE  PROCEEDINGS  OF  THE  TENTH 
ANNUAL  MEETING. 

Atlantic  City,  N.  J.,  June  20-22,  1907. 


The  Tenth  Annual  AIeeting  of  the  American  Society 
FOR  Testing  ^Materials  was  held  at  the  Hotel  Chalfonte,  Atlantic 
City,  N.  J.,  on  June  20-22,  1907.  The  total  attendance  at  the 
meeting,  including  guests,  was  over  270. 

The  following  members  were  present  or  represented  at  the 
meeting:  Ajax  Metal  Company,  represented  by  G.  H.  Clamer; 
American  Bridge  Company,  represented  by  A.  P.  Hume;  Ameri- 
can Foundrymen's  Association,  represented  by  Richard  Mol- 
denke;  American  Steel  and  Wire  Company,  represented  by  S.  ]M. 
Rodgers;  Barrett  Manufacturing  Company,  represented  by  W.  S. 
Babcock;  Florus  R.  Baxter;  H.  C.  Berry;  Bethlehem  Steel 
Company,  represented  by  E.  O'C.  Acker,  R.  D.  Chapman  and 
J.  S.  Hegeman;  H.  S.  Betts;  William  A.  Bole;  W.  A.  Bostwick; 
Booth,  Garrett  and  Blair,  represented  by  Robert  Job;  C.  W. 
Boynton;  H.  DeH.  Bright;  W.  H.  Broadhurst;  John  G.  Brown; 
Samuel  A.  Brown;  William  L.  Brown;  F,  O.  Bunnell;  J.  H. 
Burn;  Jacob  Cambier;  Cambria  Steel  Company,  represented 
by  George  E.  Thackray;  William  Campbell;  John  A.  Capp; 
Carnegie  Steel  Company,  represented  by  W.  A.  Bostwick,  M.  M. 
Hench,  and  Wm.  Whigham;  F.  D.  Carney;  Central  Iron  and 
Steel  Company,  represented  by  P.  D.  Cameron,  Wm.  C.  Cuntz, 
R.  H.  Irons  and  R.  D.  Peace;  G.  H.  Charls;  Frank  P.  Chees- 
man;  Alexander  J.  Christie;  James  Christie;  Sumner  R. 
Church;  Charles  S.  Churchill;  Frank  O.  Clements;  McGarvey 
Cline;  J.  Allen  Colby;  Colorado  Fuel  and  Iron  Company, 
represented  by  J.  A.  Cambier;  E.  A.  Condit,  Jr.;  T.-  L. 
Condron;  Frederick  ConUn;  Edgar  S.  Cook;  Wm.  A.  Cooper; 
Harry  C.  Crawford;  Frank  H.  Crockard;  Robert  A.  Cummings; 
W.  C.  Gushing;  Allerton  S.  Cushman;  George  C.  Da  vies;  W. 
C.  DeArmond;  Cyril  DeWyrall;  L.  C.  Dilks;  H.  E.  DiUer; 
Joseph  Dixon  Crucible  Company,  represented  by  Malcolm  Mc- 
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Naughton;  D.  E.  Douty;  W.  C.  DuComb,  Jr.;  Charles  B.  Dudley; 
P.H.Dudley;  H.  O.  Ducrr;  W.  O.  Dunbar;  E.  H.  Dyer;  Edward 
F.Ely;  Engineering  Record,  represented  by  J.  M.  Goodell;  S.  M. 
Evans;  B.  F.  Fackenthal,  Jr.;  The  Iron  Age,  represented  by  A. 
I.  Findley;  H.  J.  Force;  C.  N.  Forrest;  William  Forsyth;  H.  W. 
Foster;  James  B.  French;  Froehling  and  Roberston,  represented 
by  Andrew  Robertson;  William  B.  Fuller;  James  H.  Gibboney; 
Henry    F.    Gilg;  G.    M.  Goodspeed;   H.    S.  Goodwin;   William 

F.  M.  Goss;  Thomas  Tarvin  Gray;  Russell  S.  Greenman;  N.  B. 
Gregg;  Ed.  D.  Gregory;  R.  E.  Griffith;  Chester  J.  Hague;  E.  L. 
Hancock;  Elwood  Stokes  Hand;  Arthur  B.  Harrison;  William  K. 
Hatt;  Drugs,  Oils  and  Paints,  represented  by  G.  B.  Heckel;  George 
P.  Hemstreet;  Rudolph  Hering;  Martin  Hokanson;  R.  W.  How; 
James  E.  Howard;  A.  P.  Hume;  Richard  L.  Humphrey;  William 

G.  Humpton;  Robert  W.  Hunt  Company,  represented  by  Robert 
W.  Hunt;  Illinois  Steel  Company,  represented  by  P.  E.  Carhart; 
F.  P.  Ingalls;  Iron  Trade  Review,  represented  by  A.  O.  Backert; 
H.  L.  James;  John  M.  Jeffers;  Robert  Job;  Jones  and 
Laughlin  Steel  Company,  represented  by  J.  J.  Shuman;  E.  F. 
Kenney;  Lewis  H.  Kenney;  J.  A.  Kinkead;  W.  J.  Khnger; 
Joseph  B.  Kjiapp;  Morris  Knowles;  D.  A.  Kohr;  Paul 
Kreuzpointner;  H.  A.  LaChicotte;  Lackawanna  Steel  Com- 
pany, represented  by  George  L.  Waterhouse;  Gaetano  Lanza; 
R.  W.  Lesley;  E.  Sidney  Lewis;  George  T.  Lewis;  A.  D. 
Little;  Lowe  Brothers,  represented  by  Henry  C.  Lowe;  Lucas 
and  Company,  represented  by  F.  E.  Elliott;  D.  W.  Lum; 
T.  D.  Lynch;  E.  T.  McCleary;  Ernest  B.  McCready;  J. 
W.  McGrady;  Charles  F.  McKenna;  D.  W.  McNaugher; 
Edgar  Marburg;  William  Marshall;  John  A.  Mathews;  Richard 
K.  Meade;  Mansfield  Merriman;  Rudolph  P.  Miller;  Charles 
M.  Mills;  Leon  S.  Moissefif;  Richard  Moldenke;  A.  W.  Munsell; 
National  Tube  Company,  represented  by  Frank  N.  Speller; 
E.  D.  Nelson;  Tinius  Olsen;  Logan  Waller  Page;  W.  M.  Parks; 
Pennsylvania  Steel  Company,  represented  by  J.  V.  W.  Reynders 
and  F.  D.  Carney;  R.  S.  Perry;  J.  M.  Peters;  J.  Howard  Pew; 
James  Madison  Porter;  Stephen  C.  Potts;  Charles  E.  Price; 
H.  H.  Quimby;  Railway  and  Engineering  Review,  represented  by 
Willard  A.  Smith;  J.  V.  W.  Reynders;  Chfford  Richardson; 
Walter  Riddle;  George  N.  Riley;  C.  D.  Rinald;  S.  M.  Rodgers; 
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John  A.  Roebling's  Sons  Company,  represented  by  H.  J.  Home; 
Joseph  Royal;  F.  E.  Schmitt,  representing  The  Engineering 
News;  Henry  B.  Seaman;  W.  T.  Sears;  Samuel  J.  Shaw,  Jr.; 
Charles  Shannon;  Shelby  Steel  Tube  Company,  represented  by 
F.  N.  Speller;  John  M.  Sherrerd;  The  Sherwin-Williams  Com- 
pany, represented  by  E.  C.  Holton;  Jessie  J.  Shuman;  C.  E. 
Skinner;  H.  E.  Smith;  J.  P.  Snow;  Henry  Souther;  C.  R.  Spare; 
Standard  Steel  Works,  represented  by  H.  deH.  Bright;  F.  M. 
Stapleton;  J.  T.  Stephenson;  A.  A.  Stevenson;  H.  N.  Stokes; 
E.  Piatt  Stratton;  S.  W.  Stratton;  Emil  Swensson;  Howard  Tag- 
gart;  Arthur  N.  Talbot;  Yienry  P.  Talbot;  William  Purves  Taylor; 
A.R.Thomas;  Gustave  W.  Thompson;  Sanford  E.  Thompson; 
Harry  D.  Tiemann;  William  J.  Tretch;  N.  B.  Trist;  United 
States  Gutta  Percha  Paint  Company,  represented  by  H.  W.  Rice; 
C.  P.  Van  Gundy;  Hermann  Von  Schrenk;  S.  S.  Voorhees;  Watson 
Vredenburgh,  Jr.;  J.  E.  Wadsworth;  Samuel  Tobias  Wagner; 
Joseph  F.  Walker;  Percy  H.  Walker;  William  H.  Walker;  Lee  W. 
Walter;  Frank  E.  Washburn;  George  L.  Waterhouse;  George  S. 
Webster;  William  R.  Webster;  Westinghouse  Electric  and  Manu- 
facturing Company,  represented  by  C.  E.  Skinner;  G.  D.  White; 
Max  H.  Wickhorst;  The  A.  Wilhelm  Company,  represented  by 
Walter  S.  Davis;  H.  V.  Wille;  Winchester  Repeating  Arms 
Company,  represented  by  R.  L.  Penny;  R.  D.  Wood  and  Company, 
represented  by  Walter  Wood ;  Walter  Wood;  Julian  E.  Woodwell; 
Joseph  R.  Worcester;  Wyman  and  Gordon  Company,  represented 
by  George  F.  Fuller;  J.  B.  Young. 

Total  number,  229  (including  representations);  total  number 
in  personal  attendance,  217. 


First  Session. — Thursday,  June  20,  3  p.  m. 
Business  Meeting. 

President  Charles  B.  Dudley  in  the  chair. 

The  minutes  of  the  Ninth  Annual  Meeting  were  approved 
as  printed. 

The  annual  report  of  the  Executive  Committee  was  adopted 
as  printed. 


la  Summary  of  Proceedings. 

The  Chair  appointed  IMr.  Richard  L.  Humphrey  and  Mr. 
W.  P.  Taylor  as  tellers  to  canvass  the  ballot  for  oflicers. 

A  paper  by  Mr.  P.  H.  Knight  and  Mr.  C.  E.  Skinner,  entitled 
"The  Raw  Material  Supply,"  was  read  by  Mr.  Skinner. 

The  annual  report  of  Committee  J  on  Standard  Specifications 
for  Coke,  Mr.  Chas.  H.  Zehnder,  Chairman,  was  read  and  passed 
to  publication. 

The  following  papers  were  then  read  and  discussed : 

"The  Purchase  of  Coal  Under  Specifications. "  J.  E.  Wood- 
well. 

"The  Recent  Testing  of  Coals  Used  by  the  Federal  Govern- 
ment in  its  Public  Buildings."     J.  A.  Holmes  and  D.  T.  Randall. 

"Methods  of  Testing  Coal."     S.  S.  Voorhees. 

"Cast  Iron — Some  Causes  of  Failure  in  Service."  Robert 
Job. 

"Notes  on  Brick  Pier  Tests,"  James  E.  Howard,  was  read 
by  title. 

The  report  of  Committee  Q  on  Standard  Specifications  for 
the  Grading  of  Structural  Timber,  Hermann  Von  Schrenk,  Chair- 
man, was  then  presented. 

On  motion,  the  following  proposed  Standard  Specifications 
were  referred  to  letter-ballot : 

"  Definition  of  Defects. " 

"  Standard  Names  for  Structural  Timbers. " 

"Standard  Specifications  for  Bridge  and  Trestle  Timbers." 

The  tellers  reported  that  154  legal  ballots  had  been  cast,  and 
in  accordance  with  their  report  the  Chair  declared  the  election  of 
Mr.  W.  A.  Bostwick  and  Mr.  William  R.  Webster  as  Members  of 
the  Executive  Committee. 

The  meeting  then  adjourned  until  8  p.  m. 


Second  Session. — Thursday,  June  20,  8  p.  m. 

President  Charles  B.  Dudley  in  the  chair. 

The  Chairman  invited  the  Vice-President,  Mr.  Robert  W. 
Lesley,  to  the  chair  and  read  the  Annual  Presidential  Address  on 
"The  Enforcement  of  Specifications." 
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The  following  papers  were  then  read  and  discussed : 

"Tests  of  Concrete  Columns."     A.  N.  Talbot. 

"Some  Additional  Notes  on  Tests  of  Concrete  Colunms." 
James  Howard. 

"The  Testing  of  Wooden  and  Reinforced  Concrete  Telegraph 
Poles. "     Robert  A.  Cummings. 

Mr.  Allerton  S.  Cushman  then  presented  a  paper  on  "The 
Corrosion  of  Iron." 

A  paper  on  "The  Influence  of  Stress  Upon  the  Corrosion  of 
Iron, "  by  Mr.  W.  H.  Walker  and  Mr.  Colby  DiU,  was  read  by  title. 

The  meeting  then  adjourned  till  the  following  morning. 

Third  Session. — Friday,  June  21,  10  a.  m. 

Section  on  Preservative  Coatings. 

President  Charles  B.  Dudley  in  the  chair. 

The  report  of  Committee  E  on  Preservative  Coatings  for  Iron 
and  Steel,  ]\Ir.  S.  S.  Voorhees,  Chairman,  was  read  and  discussed. 

Mr.  E.  P.  Cheesman  then  read  a  paper  on  "Priming  Coats 
for  Metal  Surfaces. " 

A  paper  by  Mr.  L.  S.  Hughes  on  "Deleterious  Ingredients  in 
Paints,"  was  presented  and  the  discussion  opened  by  Mr.  G. 
W.  Thompson  and  Mr.  F.  P.  Cheesman. 

Mr.  R.  S.  Verry  read  a  paper  on  "The  Physical  Properties  of 
Paint  Films." 

In  the  absence  of  the  author,  a  paper  on  "Physical  Testing  of 
Varnishes,"  by  Mr.  J.  C.  Smith,  was  read  by  title. 

A  paper  entitled  "Paint  Legislation,"  was  then  presented  by 
Mr.  E.  F.  Ladd. 

The  report  of  Committee  H  on  Standard  Tests  for  Lubri- 
cants, jMr.  A.  H.  Gill,  Chairman,  was  read  and  passed  to  pubh- 
cation. 

The  meeting  then  adjourned  till  3  p.  m. 

Section  on  Cement. 

Vice-President  Robert  W.  Lesley  in  the  chair. 
The  report  of  Committee  C  on  Standard  Specifications  for 
Cement,  Mr.  George  F.  Swain,  Chairman,  was  read  and  discussed. 


14  Summary  of  Proceedings. 

The  following  papers  were  then  presented  and  discussed: 

"Avoidable  Causes  of  Variation  in  Cement  Testing."  E.  B. 
McCready. 

"Some  Problems  of  a  Cement  Inspecting  Laboratory."  R. 
S.  Greenman. 

"The  Specific  Gravity  of  Portland  Cement."    R.  K.  Meade. 

"The  Control  of  Physical  Test  Results  in  Portland  Cement." 
W.  A.  Aiken. 

"The  Effect  of  Oil  on  Concrete. "     R.  C.  Carpenter. 

"Labor-Saving  Devices  in  a  Cement  Laboratory."  R.  E. 
Bakenhus. 

"The  Structural  Materials  Testing  Laboratories,  U.  S.  Geo- 
logical Survey:  Progress  During  the  Year  Ending  June  i,  1907." 
R.  L.  Humphrey. 

The  meeting  then  adjourned  till  3  p.  m. 


Fourth  Session. — Friday,  June  21,  3  p.  m. 

President  Charles  B.  Dudley  in  the  chair. 

Committee  A  on  Standard  Specifications  for  Iron  and  Steel, 
W.  R.  Webster,  Chairman,  presented  a  report  on  the  proposed 
revised  Standard  Specifications  for  Steel  Rails. 

A  general  discussion  on  Steel  Rails  was  opened  by  Mr.  W.  R. 
Webster. 

The  following  papers  bearing  directly  on  this  discussion  were 
then  presented : 

"Rail  Steel  as  Manufactured  by  the  Continuous  Open-Hearth 
Process."     Benj.  Talbot  (read  by  the  Secretary). 

"  Specifications  and  Inspection  of  Bessemer  Steel  Rails. "  M. 
T.  Jones  (read  by  the  Secretary). 

"Mechanical  Experiences  with  Limber  and  Stiff  Rail  Sec- 
tions."    P.H.Dudley. 

After  a  general  discussion,  the  proposed  revised  Standard 
Specifications  for  Steel  Rails,  were,  on  motion,  referred  to  letter- 
ballot  of  the  Society. 

The  following  three  papers  were  read  by  title: 

"Segregation  in  Steel  Ingots."    H.  M.  Howe. 
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"Effect  of  Conditions  of  Rolling  on   Certain  Properties  of 
Steel. "     H.  M.  Howe  and  William  Campbell. 

"The  Heat  Treatment  of  Steel."     William  Campbell. 
The  meeting  then  adjourned  till  the  following  morning. 


Complimentary  Dinner  to  President  Dudley. 

On  the  evening  of  Friday,  June  21,  a  largely  attended  com- 
plimentary dinner  was  tendered  to  President  Dudley  at  the  Hotel 
Tray  more.  The  occasion  was  graced  by  the  presence  of  Mrs. 
Dudley  and  other  ladies  of  the  party.  Vice-President  Lesley  pre- 
sided, and  acted  as  toast-master. 

At  the  close  of  the  dinner  a  silver  loving  cup  was  presented 
to  President  Dudley,  on  behalf  of  the  members  of  the  Society, 
by  Secretary  Marburg.  After  feeling  words  of  acknowledgment 
on  the  part  of  President  Dudley,  the  following  toasts  were 
responded  to: 

"  Our  Cradle  Days."     Past-President  Mansfield  Merriman. 

"  Our  Ladle  Days."     Capt.  Robert  W.  Hunt. 

"  Our  Friends  of  the  Technical  Press."  Mr.  Willard  A. 
Smith. 

"  Our  Friends — The  Manufacturers."  Mr.  George  E. 
Thackray. 

"  Our  Technological  Brethren."     Dr.  William  F.  M.  Goss. 


Fifth  Session. — Saturday,  June  22,  10  a.  m. 
Section  on  Iron  and  Steel. 

President  Charles  B.  Dudley  in  the  chair. 

On  motion  of  Mr.  S.  S.  Voorhees  it  was  resolved  that  the 
Executive  Committee  be  instructed  to  consider  the  appointment 
of  a  Committee  on  Standard  Specifications  for  the  Purchase  of 
Coal. 

Mr.  E.  L.  Hancock  then  presented  a  paper  on  "Results  of 
Tests  of  Staybolt  Iron." 

The  proposed  Standard  Specifications  for  Staybolt  Iron,  as 
reported  by  Committee  M,  Mr.  H.  V.  Wille,  Chairman,  were,  on 
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motion,  referred  back  to  the  Committee  for  further  consideration, 
with  instructions  to  state  in  the  report  at  the  next  annual  meeting 
the  reasons  for  and  against  any  clauses  not  unanimously  approved 
by  the  members  of  the  Committee. 

The  annual  reports  of  the  following  committees  were  then  read 
and  discussed : 

Committee  T,  on  the  Tempering  and  Testing  of  Steel  Springs 
and  Standard  Specifications  for  Spring  Steel.  J.  A.  Kinkead, 
Chairman. 

Committee  O,  on  Uniform  Speed  in  Commercial  Testing. 
Paul  Kreuzpointner,  Chairman. 

Mr.  G.  H.  Clamer  read  a  papei  on  "The  History  and  Develop- 
ment of  the  Alloy  Practice  in  the  United  States  as  Applied  to  Rail- 
way Bearings. " 

A  paper  entitled  "Compressive  and  Transverse  Tests  of  Steel 
Connecting  Rods  for  Locomotives, "  was  then  read  by  Mr.  Gaetano 
Lanza. 

In  the  absence  of  the  author  a  paper  on  "Tension  Tests  of 
Steel  Angles, "  by  ^Ir.  F.  P.  McKibben,  was  read  by  title. 

The  meeting  then  adjourned  till  3.  p.  m. 


Section  on  Concrete,  Fire  proofing  and  Waterproofing  Materials. 

Vice-President  Robert  W.  Lesley  in  the  chair. 

The  annual  report  of  Committee  I  on  Reinforced  Concrete, 
Mr.  F.  E.  Tumeaure,  Chairman,  was  read  by  Mr.  R.  L.  Hvmiphrey. 

The  proposed  Standard  Test  for  Fireproof  Floor  Construc- 
tion, reported  by  Committee  P  on  Fireproofing  Materials,  Mr.  Ira 
H.  Woolson,  Chairman,  was,  on  motion,  referred  to  letter-ballot  of 
the  Society. 

The  following  papers  were  then  read  and  discussed: 

"Investigation  of  the  Thermal  Conductivity  of  Different  Con- 
crete Mixtures,  and  the  Effect  of  Heat  upon  their  Strength  and 
Elastic  Properties. "     Ira  H.  Woolson. 

"Effect  of  Time  Element  in  Loading  Reinforced  Concrete 
Beams."     W.  K.  Halt. 

"Tests  of  Twisted  Steel  Square  Rods  for  Concrete  Reinforce- 
ment."    J.  J.  Shuman. 
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"Tests  of  Bond  between  Steel  and  Concrete."  T.  L.  Con- 
dron. 

The  annual  report  of  Committee  S  on  Waterproofing  Materials, 
Mr.  W.  A.  Aiken,  Chairman,  was  read  and  accepted. 

The  meeting  then  adjourned  till  3.  p.  m. 


Sixth  Session. — Saturday,  June  22,  3  p.  m. 

Mr.  Mansfield  Merriman  in  the  chair. 

The  annual  report  of  Committee  K  on  Standard  Methods  of 
Testing,  was  read  by  Mr.  Gaetano  Lanza,  Chairman. 

Mr.  S.  W.  Stratton  then  presented  a  paper  entitled  "The 
National  Bureau  of  Standards. " 

On  motion  of  Mr.  Skinner,  the  question  of  cooperation  on  the 
part  of  the  Society  with  the  Natural  Bureau  of  Standards,  was 
referred  to  the  Executive  Committee  for  consideration. 

The  following  papers  were  then  read  and  discussed : 

"The   White-Souther   Endurance    Machine."     H.    Souther. 

"Notes  on  the  Endurance  of  Steels  under  Repeated  Alternate 
Stresses. "     J.  E.  Howard. 

"Effect  of  Combined  Stresses  on  the  Elastic  Properties  of 
Steel."     E.  L.  Hancock. 

"A  Concrete  Dampcloset."     E.  McCready. 

"A  New  Impact  Machine. "     L.  W.  Page. 

"The  Development  of  the  Penetrometer  as  Used  in  the  Deter- 
mination of  the  Consistency  of  Semi-SoKd  Bitumens."  Clifford 
Richardson  and  C.  N.  Forrest. 

"Multiplying  Dividers  for  Locating  Yield  Point."  J.  A. 
Capp. 

"An  Instrument  for  Measuring  Deformation  in  Tests  of 
Materials. "     H.  F.  Moore. 

"Comments  on  a  Direct  Reading  Magnetic  Tester."  A.  H. 
Taylor.     (Read  by  title.) 

On  motion  of  the  Secretary  the  meeting  passed  a  vote  of  thanks 
to  the  Management  of  the  Steel  Pier  for  its  courtesy  in  placing  the 
pier  at  the  disposal  of  the  Society  during  the  meeting. 

The  Chairman  thereupon  declared  the  meeting  adjourned 
sine  die. 


Testlxg  M. 
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THE    ENFORCEMENT    OF    SPECIFICATIONS. 
Annual  Address  by  the  President. 

In  the  early  days  of  specifications,  they  were  little  more  than 
attempts  on  the  part  of  the  consumer,  to  tell  the  producer  what  he 
wanted.  Some  specifications  which  we  have  seen  consisted  of  only 
a  few  lines  and  these  either  related  almost  entirely  to  a  brief  de- 
scription of  the  material  desired  or  embodied  some  simple  tests. 
Indeed  in  the  preparation  of  such  specifications  there  is  reason  to 
think  that  the  consumer  himself  had  meager  information  in  regard 
to  the  material  he  was  describing  and  perhaps  only  knew  with 
certainty  that  the  material  he  was  receiving  was  unsatisfactory 
and  that  he  wanted  something  different. 

Later  on,  as  knowledge  of  materials  increased,  as  methods  of 
testing  became  better  understood  and  more  completely  worked  out, 
as  those  who  were  making  specifications  learned  by  experience, 
how  difficult  a  matter  it  is  to  draw  a  satisfactor}^  specification 
and  especially  after  it'  became  the  custom  to  consult  the  manufac- 
turer in  making  the  specification,  it  took  on  a  new  meaning.  At 
first  it  was  a  demand;  it  now  became  an  agreement.  At  first  it 
was  ofttimes  perhaps  promulgated  with  something  of  a  feeling  of 
superiority  by  its  maker,  and  was  received  by  the  manufacturer 
or  producer  with  a  feeling  of  opposition  and  antagonism,  it  now 
became  more  of  a  compromise  and  was  put  forth  and  received  with 
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a  much  more  conciliatory  spirit  on  both  sides.  From  being  a 
species  of  legal  instrument  that  had  in  it  conditions  and  require- 
ments that  the  one  who  held  the  purse  strings  felt  that  he  had  a 
right  to  insist  on,  it  took  on  more  the  nature  of  a  contract  in  which 
the  stipulations  had  practically  been  agreed  upon  by  both  parties 
in  interest. 

Looking  at  the  specifications  in  this  light  and  assuming,  as 
we  must,  that  business  to  be  successful  must  be  conducted  in  accord- 
ance with  the  principles  of  honesty,  integrity  and  fair  dealing,  it 
would  almost  seem  that  it  would  be  a  waste  of  time  and  effort  to 
discuss  the  subject  which  we  have  chosen  for  this  paper  "The 
Enforcement  of  Specifications."     The  specification  is  a  contract 
and,  as  we  have  said  again  and  again,  in  any  properly  drawn  speci- 
fication both  parties  have  had  a  voice,  differences  have  been  har- 
monized and  the  conditions  and  stipulations  have  been  agreed 
upon.     If  now,  men  are  honorable  and  intend  to  do  as  they  have 
agreed,  as  we  are  bound  to  assume  that  they  are  and  do  intend  to  do, 
what  need  is  there  for  enforcement?     Is  it  not  safe  for  the  con- 
sumer to  receive  and  put  into  use  the  material  which  the  producer 
furnishes  without  the  trouble  and  expense  of  maintaining  a  depart- 
ment or  a  corps  of  inspectors,  to  protect  his  interests?     Unfor- 
tunately the  experience  of  the  business  world  at  the  present  time 
does  not  seem  to  warrant  such  a  procedure.     I  doubt  not  there  are 
consumers  within  the  sound  of  my  voice,  who,  if  pressed  for  an  an- 
swer to  our  question,  would  say  with  a  somewhat  sarcastic  smile 
that  the  situation  is  Utopian  and  that  with  human  nature  as  it  is, 
it  is  absurd  to  expect  to  get  what  you  have  contracted  for,  unless 
people  are  watched.     On  the  other  hand,  no  doubt  an  equal 
number  of  producers  who  hear  me,  are  entirely  ready  to  assert  that 
they  are  conducting  their  business  in  such  a  way  and  are  making 
and  delivering  such  a  product,   in  their  specification  material, 
that  any  consumer  would  be  absolutely  safe  in  receiving  and  using 
it  without  inspection.     For  our  own  part,  as. the  result  of  an  almost 
daily  experience  for  some  thirty  years  with  specification  material, 
we  are  compelled  to  side  with  the  consumers  and  to  maintain  the 
necessity  for  inspection  and  tests. 

And  lest  by  this  statement  we  should  seem  to  call  in  question 
the  business  integrity  of  the  producers,  among  whom  we  are 
happy  to  number  some  of  our  best  and  most  valued  friends,  let  us 
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hasten  to  say  that  there  are  so  many  conditions  leading  to  the 
manufacture  and  deHvery  of  unsatisfactory  materials,  that  is 
materials  that  do  not  fill  the  requirements  of  the  specification  on 
which  they  were  bought,  which  conditions  do  not  involve  the  busi- 
ness integrity  or  the  honest  intention  on  the  part  of  producer  to  do 
as  he  has  agreed,  that  we  are  sure  no  one  need  feel  aggrieved  at  the 
establisliment  and  maintenance  by  consumers  of  -devices  for  the 
enforcement  of  their  specifications.  It  would  of  course  lead  us 
too  far  to  inject  into  this  paper  a  discussion  of  business  honesty 
on  high  moral  grounds.  Such  a  discussion  is  foreign  to  our 
present  purpose.  The  basis  of  our  discussion  is  the  business  truism, 
that  a  transaction  is  satisfactory  when  both  parties  get  benefit  from 
it  and  both  parties  are  satisfied.  No  one  behcves  more  devoutly 
than  we  do,  that  with  few  exceptions,  so  few  as  to  be  almost  ignor- 
ablc,  producers  in  general  prefer  to  do  an  honest  business  at  a  fair 
price  and  profit  and  that  they  always  would  do  so,  if  it  were  not  for 
certain  conditions.     What  then  are  some  of  these  conditions  ? 

First,  however,  in  order  to  avoid  constant  repetition  of  the 
words  "  materials  according  to  specifications,"  and  "not  according 
to  specifications,"  let  us  agree  that  the  former  may  be  properly 
designated  as  " satisfactory^  materials"  and  the  latter  as  "unsatis- 
factor}^  materials,"  the  view  point  obviously  being  that  of  the  con- 
sumer. This  being  granted,  the  first  condition  that  we  will  con- 
sider which  leads  to  the  tender  of  unsatisfactory  materials  is 
improperly  worded  or  imreasonable  specifications.  It  is  obvious 
that  the  view  point  of  those  having  to  do  with  either  the  making  or 
carr}dng  out  of  specifications  being  different  and  in  a  sense  antag- 
onistic, since  their  interests  are  naturally  and  legitimately  opposed, 
the  meaning  which  they  attach  to  words  will  be  different  and  both 
parties  may  be  equally  honest.  We  knew  of  a  case  once  w'here  a 
lumberman  agreed  to  buy  a  large  number  of  logs  from  the  owner 
of  a  valuable  timber  tract  on  the  simple  specification  that  only 
two  logs  from  a  tree  should  be  delivered.  Imagine  his  surprise 
when  the  logs  began  to  come  in  to  find  them  small,  tapering  and 
full  of  knots.  On  remonstrating  he  was  told  that  just  exactly  as 
the  specification  called  for  only  two  logs  per  tree  were  being 
delivered  and  he  was  invited  to  look  at  his  contract.  An  inspection 
revealed  the  fact  that  although  the  lumberman  undoubtedly  had 
in  mind  when  the  specification  was  drawn  that  he  should  receive 
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two  logs  from  the  butt  of  each  tree,  the  important  word  "butt" 
had  been  left  out ;  while  on  the  other  hand,  the  owner  of  the  lumber 
tract  h:id  unquestionably  read  into  the  specification  when  it  was 
presented,  that  imder  it  he  would  be  entitled  to  dehver  two  logs 
from  the  top  of  the  tree,  just  as  he  was  actually  doing.  It  may 
not  be  unwise  to  add  that  a  contract  covering  two  butt  logs  from 
each  tree  was  somewhat  unusual,  that  the  price  was  lower  than 
would  have  been  expected  for  such  logs  and  that  as  a  matter  of 
fact  the  case  never  came  into  court.  In  like  manner  an  unreason- 
able requirement  in  a  specification  may  lead  to  the  same  result. 
Our  friends  the  steel  manufacturers  are  constantly  being  presented 
wath  specifications  containing  stipulations  which  it  is  impossible 
or  at  best  only  occasionally  possible  to  fill.  Those  who  have  made 
these  specifications  have,  it  is  true,  we  fear  neglected  one  of  the 
prime  requisites  of  a  good  specification,  viz.,  to  consult  with  and  on 
certain  technical  points  be  guided  by  the  best  manufacturers. 
And  it  may  be  urged  that  a  producer  has  no  right  to  take  a 
contract  under  a  specification  that  contains  a  requirement  that 
he  knows  he  cannot  fill.  While  this  is  true  abstractly,  it  must 
be  remembered  that  the  producer  is  in  a  rather  dehcate  situation. 
If  he  remonstrates  aganist  the  unreasonable  requirements,  he 
probably  loses  a  customer.  If  he  refuses  to  take  the  contract  with 
the  unreasonable  requirement,  and  as  a  matter  of  fact  it  is  well 
kno\\Ti  that  this  is  done  again  and  again,  he  not  infrequently 
makes  an  enemy  of  the  engineer  or  expert  who  simply  has  a  crotchet 
in  his  head,  but  is  otherwise  a  very'  good  fellow  and  who  later  may 
be  valuable;  so  the  contract  is  taken,  even  with  the  unreasonable 
requirement  and  with  the  thought  in  mind  of  getting  along  with 
the  matter  in  the  best  way  possible  if  any  difficulty  should  arise. 
The  producer  we  fancy  knows  that  he  is  making  good  material  and 
gi\ing  good  value  and  with  this  thought  condones  himself  for  his 
seeming  breach  of  contract.  As  far  as  our  subject  is  concerned 
we  cannot  but  feel  that  an  improperly  worded  or  an  unreasonable 
specification  is  a  most  potent  cause  for  the  tender  of  unsatisfactory 
materials. 

Again  the  mistakes  of  subordinates  are  a  frequent  cause  for 
the  same  difficulty.  An  illustration  of  what  we  mean  by  mistakes 
of  subordinates  will  make  the  matter  clear.  Some  years  ago  a 
railroad  company  placed  an  order  with  a  most  reputable  firm  for 
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fifty  barrels  of  the  best  grade  of  lard  oil,  known  at  the  time  as 
"Extra"  or  "Prime,"  the  other  well-known  grades  being  Extra 
No.  I,  No.  I,  No.  2,  and  No.  3.  The  difference  in  the  cost  of  the 
extreme  grades  was  ten  to  fifteen  cents  per  gallon.  The  order 
was  what  is  technically  known  as  a  "  Rush  "  order,  that  is,  to  be  filled 
as  soon  as  possible.  In  due  time  the  material  arrived  at  destina- 
tion and  was  sampled  and  tested  in  the  regular  way.  The  test 
showed  the  material  to  be  No.  3  oil  and  the  shipment  was  promptly 
rejected  and  returned  to  the  shippers.  They  made  a  careful 
examination  of  the  shipment  barrel  by  barrel,  and  found  that 
forty-five  barrels  contained  oil  of  the  proper  grade  and  of 
unexceptional  quality,  while  the  five  barrels  were  No.  3  grade 
as  the  test  had  shown.  On  asking  for  an  explanation,  the 
foreman  of  the  works  said  that  when  the  order  was  received 
he  only  had  forty-five  barrels  of  the  proper  grade  in  stock 
and  it  being  a  rush  order  he  put  in  five  barrels  which  he  knew 
to  be  inferior,  hoping  that  the  matter  would  escape  detection. 
It  may  be  of  interest  to  know  that  in  this  case  the  shippers 
actually  felt  themselves  aggrieved  and  claimed  that  since  they 
had  to  pay  return  freight  on  rejected  material  the  forty-five 
barrels  of  good  oil  should  have  been  retained  and  only  the  five 
barrels  of  inferior  oil  should  have  been  returned.  The  purchasing 
agent  on  the  other  hand  very  mildly,  but  very  firmly,  reminded  the 
shippers  that  the  order  which  he  had  placed  with  them  did  not 
call  for  any  No.  3  oil,  that  there  was  a  difference  in  price  of  at 
least  $5.00  a  barrel  between  the  two  oils  and  that  if  perchance  the 
sample  tested  had  come  from  one  of  the  barrels  of  good  oil,  the 
shipment  would  have  been  accepted  without  question  and  it  would 
have  been  a  clear  case  of  successful  fraud  by  which  they  would 
have  profited.  But  there  was  considerably  more  in  this  case,  than 
was  brought  out  by  the  purchasing  agent.  Extra  or  prime  lard 
oil  is  used  by  railroad  companies  almost  exclusively  in  making  what 
is  technically  known  as  "Signal  Oil,"  that  is,  oil  used  in  signal 
lights  and  in  trainmen's  lanterns;  also  the  safety  of  trains  and 
even  the  lives  of  passengers  depend  on  the  reliability  of  the  signal 
oil  and  perhaps  more  important  still  a  signal  oil  made  of  No.  3  lard 
oil  is  utterly  worthless  and  unreliable.  The  lanterns  will  commonly 
go  out  and  fail  completely  within  two  hours  after  new  trimming 
and  filling  with  such  oil.     The  bearing  of  all  this  on  the  necessity 


24  Annual  Address  by  the  President. 

for  the  enforcement  of  specifications  is  too  evident  to  require 
comment. 

It  would  lead  us  wide  of  our  proper  field  to  raise  and  discuss 
the  question  whether  such  a  mistake  on  the  part  of  subordinates, 
as  we  have  cited,  is  ever  made  with  the  knowledge  and  consent  of 
the  principals  or  not.  We  have  heard  it  intimated  that  such 
transactions  are  fairly  common  and  that  when  such  a  case  comes 
to  the  knowledge  of  the  office  or  the  principals,  one  of  two  things 
is  apt  to  result.  If  the  shipment  has  gone  through,  the  trans- 
action is  closed  and  no  questions  have  been  raised,  the  subordinate 
is  usually  not  reprimanded,  but  on  the  contrary  gets  a  smile  of 
approval.  On  the  other  hand,  if  the  fraud  is  detected  and  trouble 
and  loss  result,  the  subordinate  not  infrequently  suffers. 

Perhaps  you  will  bear  with  me  while  I  give  another  out  of  the 
many  that  might  be  cited  of  the  conditions  leading  to  the  tender  of 
unsatisfactor)'  materials,  even  though  those  w^ho  are  doing  so,  have 
a  sincere  and  honest  intention  of  fully  meeting  the  requirements. 
This  condition  is  that  commercial  processes  do  not  always  yield 
what  is  expected  of  them.  Something  in  the  materials  used,  or  in 
the  processes  employed,  gives  a  product  that  is  unsatisfactory, 
notwithstanding  the  producer  supposed  he  had  done  everj'thing 
that  he  could  to  secure  a  successful  result.  Let  me  give  an  illus- 
tration. Some  years  ago  in  our  laboratory  at  Altoona,  we  ex- 
amined in  the  regular  way  a  sample  representing  a  shipment  of 
phosphor-bronze  bearing-metal  from  a  firm  whose  business  reputa- 
tion and  character  were  simply  above  reproach.  This  material, 
as  is  well  known,  is  an  alloy  of  copper,  tin,  lead  and  phosphorus, 
the  percentages  of  each  constituent  being  fixed  within  narrow 
limits  by  the  specification.  The  analysis  showed  copper,  tin  and 
lead  within  the  limits,  but  no  phosphorus,  and  the  shipment  was 
rejected.  This  was  followed  by  a  visit  from  one  of  the  principals 
of  the  firm,  who  maintained  that  he  had  actually  purchased  in  the 
market  phosphor-tin  at  a  high  price  and  used  it  in  making  this 
very  material  and  that  the  fact  that  we  found  no  phosphorus  was  a 
myster}'  to  him.  It  was  asked  if  he  knew  by  analysis  how  much 
phosphorus  there  actually  was  in  this  so-called  phosphor-tin,  since 
our  own  analyses  of  the  material  in  the  market  showed  not  over 
a  third  or  at  most  half  of  what  was  claimed.  He  confessed  that  no 
analyses  had  been  made,  but  stated  that  he  bought  the  material  on  a 
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guarantee  that  it  contained  ten  per  cent.  He  was  then  asked  if  he 
knew  that  there  was  a  loss  of  phosphorus  every  time  the  alloy  was 
melted  and  that  with  careless  foundry  manipulation  this  loss 
might  readily  amount  to  all  the  phosphorus  he  had  actually  added. 
His  reply  indicated  haziness  on  the  subject,  coupled  with  a  desire 
to  learn.  A  few  suggestions  were  eagerly  noted  and  apparently 
well  applied,  since  the  same  firm  subsequently  made  and  furnished 
to  the  road  large  quantities  of  entirely  acceptable  material. 

And  so  we  might  go  on  quite  at  length,  detailing  condition  after 
condition  that  leads  to  the  tender  of  unsatisfactory  materials,  some 
of  them  perhaps  not  quite  as  free  from  suspicion  as  those  already 
mentioned,  but  all  of  them  emphasizing  the  necessity  on  the  part  of 
the  consumer  of  apparatus  and  appliances  for  testing  and  a  rigid 
enforcement  of  specifications.  It  will,  perhaps,  be  sufficient  if  we 
enumerate  without  special  illustration  or  comment,  a  few  more  of 
these  conditions.  A  contract  taken  at  too  low  a  figure  is  a  fertile 
cause  of  what  we  have  agreed  to  call  unsatisfactor}^  materials. 
Under  stress  of  competition  agreements  are  made  that  if  carried 
out  strictly  in  accordance  with  the  specifications,  would  result  in 
loss,  or  lack  of  reasonable  profit.  Again,  strange  as  it  may  seem, 
a  very  large  number  of  manufacturers  of  commercial  products  as  a 
matter  of  fact  do  not  know  the  characteristics  of  their  output. 
They  have  been  making  and  selling  their  staple  for  a  period  of 
years,  it  may  be,  and  as  long  as  the  consumers  accepted  the  mate- 
rial and  raised  no  questions,  they  themselves  saw  no  need  of  making 
tests  and  experiments,  except  perchance  such  as  would  lead  to 
diminution  of  cost  in  manufacture.  Accordingly,  very  little  or  no 
knowledge  w^as  obtained  of  those  quaUties  of  the  material  which  are 
of  most  interest  to  the  consumer.  It  has  been  our  custom  for  many 
years,  as  is  well  kno^vn,  to  send  our  proposed  specifications  to  the 
manufacturers  for  criticism  before  they  are  officially  issued  and  we 
have  again  and  again  received  from  producers  in  reply  to  the  ques- 
tion whether  they  could  make  a  product  that  would  stand  the  tests 
of  the  proposed  specifications,  the  answer,  that  they  could  if  anybody 
could.  There  was  apparently  absolute  lack  of  even  the  most  rudi- 
mentary knowledge  of  those  qualities  of  their  product,  which  were 
of  the  most  interest  and  importance  to  the  consumer.  And  yet, 
without  this  knowledge,  contracts  are  taken  and  shipments  made. 
What  more  natural  than  that  the  material  should  be  unsatisfactory 
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in  the  technical  sense  of  the  word  ?  Again  the  tender  of  unsatis- 
factor}'  material  is  often  exphiined,  after  it  has  been  tested  and 
found  wanting,  by  the  statement  that  aUhough  it  may  not  quite  fill 
the  requirements  it  still  is  good  material  and  will  do  the  work.  Of 
course  it  takes  but  a  moment's  reflection  to  lead  any  fair-minded 
person  to  the  conclusion  that  this  statement  is  not  at  all  the  ques- 
tion at  issue  and  that  if  the  consumer  had  been  willing  to  use  a 
material  that  is,  in  the  language  of  the  shops  "just  as  good,"  he 
would  have  specified  such  material  and  obtained  the  benefit  of  a 
corresponding  variation  in  price. 

Two  more  conditions  leading  to  unsatisfactory  materials  may 
perhaps  wisely  be  mentioned  before  we  leave  this  phase  of  our  sub- 
ject. It  not  infrequently  happens  after  a  contract  has  been  made, 
that  unexpected  and  wholly  unforeseen  difficulties  arise  in  securing 
raw  materials  from  which  the  product  in  question  is  made.  An 
unexpected  demand  has  sprung  up  for  that  kind  of  raw  material, 
making  it  scarce  in  the  market,  or  the  parties  with  whom  the  pro- 
ducer has  a  contract  for  his  supply  repudiates  the  contract,  or  there 
has  been  an  accident  or  catastrophe  affecting  the  supply.  The  pro- 
ducer, therefore,  finds  himself  in  the  condition  that  either  he  is 
unable  to  make  deliveries  as  he  has  agreed  to  do  or  he  must,  or 
thinks  he  must,  make  dehveries  of  his  product  containing  such  raw 
materials  as  he  can  get  with  the  accompaniment  of  that  brood  of 
troubles  that  arise  when  the  tests  show  unsatisfactory'  materials. 
Not  once  but  many  times  has  this  situation  been  prominent  in  the 
course  of  our  work  at  Altoona;  and  there  is  one  phase  of  the  matter 
which  we  have  found  it  most  difficult  to  understand.  The  pro- 
ducer goes  ahead  and  makes  up  his  product  from  inferior  raw 
materials  and  makes  shipments,  knowing  that  there  will  be  trouble; 
and  then  when  the  trouble  arises,  he  explains  and  asks  for  leniency. 
The  query  in  our  minds  has  always  been,  why  does  he  not  explain 
and  ask  for  leniency  before  he  makes  and  ships  the  unsatisfactory 
material?  If  we  may  trust  our  experience,  a  frank  statement  of 
the  situation  beforehand  would  be  far  the  wiser  course.  We  fancy 
the  reasons  for  the  procedure  actually  followed  will  ever  remain 
one  of  those  business  mysteries,  which  are  incomprehensible  to  the 
lay  mind. 

Finally,  a  most  common  and  pestiferous  cause  of  the  tender  of 
unsatisfactory  material  is  the  statement  that  delay  must  follow  if 
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these  unsatisfacton'  materials  are  not  received  and  used.  We  say 
pestiferous,  because  of  all  the  causes  leading  up  to  the  tender  of 
unsatisfactory  materials,  this  one  seems  to  us  to  have  the  least 
foundation  of  equity  to  rest  on  and  to  be  the  one  that  smacks  most 
strongly  of  a  deliberate  effort  to  force  through  an  acceptance, 
regardless  of  quahty.  We  are  quite  well  aware  that  emergencies 
may  arise  in  the  case  of  those  who  are  furnishing  materials,  which 
emergencies  may  fairly  be  regarded  as  legitimate  causes  for  an 
unsatisfactory  product.  We  have  already  discussed  a  number  of 
such.  On  the  other  hand  we  have  so  many  times  had  occasion  to 
feel  that  at  the  last  minute,  materials  are  tendered,  which  the  parties 
had  kjio\Mi  for  some  time,  or  at  least  might  have  known,  were  in- 
ferior and  not  satisfactory,  that  the  argument  that  there  will  be 
delay  if  you  do  not  accept  this  that  we  tender  is  deprived  in  our 
minds  of  a  ver}'  large  precentage  of  its  force.  It  would  be  infinitely 
better,  it  seems  to  us,  not  to  make  shipments  and  either  to  put  some 
of  the  energy  now  employed  in  tr}'ing  to  get  unsatisfactor}'  ship- 
ments accepted,  into  making  and  furnishing  satisfactor)'  material 
or  to  make  a  frank  statement  of  the  situation  to  the  consumer 
beforehand  and  abide  his  decision.  Such  a  statement  would 
do  much  toward  smoothing  down  and  removing  some  of  the 
roughnesses  and  inequaHties  of  the  road  which  the  producer  and 
consumer  are  tr}dng  to  travel  together,  toward  the  goal  of  a  suc- 
cessful financial  transaction. 

Let  us  now  turn  to  another  phase  of  our  subject.  If  we  have 
succeeded  in  what  has  been  said,  it  is  evident  that  there  is  necessity 
for  the  enforcement  of  specifications  and  that  too  without  assuming 
that  men  are  dishonest  or  do  not  intend  to  do  as  they  have  agreed. 
Under  present  commercial  conditions  and  with  our  present  knowl- 
edge of  the  properties  of  materials,  and  of  the  processes  by  which 
they  are  made,  it  simply  would  not  do  for  the  consumer  to  leave  his 
interests  wholly  in  the  hands  of  the  producer.  Each  must  look  out 
for  his  own  interests  and  be  prepared  to  defend  and  maintain  them. 
Perhaps  we  have  said  more  than  is  necessar}^  on  this  point,  but  the 
practice  of  buying  and  using  materials  on  the  reputation  of  tlie 
maker  is  so  deep-seated  and  wide-spread,  and  has  for  so  many 
years  been  the  refuge  of  engineers  in  cases  of  failure,  that  perhaps 
the  subject  will  safely  bear  elucidation  at  a  little  greater  length  than 
would  otherwise  have  been  admissible. 
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But  how  shall  specifications  be  enforced?  What  are  the 
essentials  of  successful  enforcement?  We  reply,  first,  the  exam- 
ination and  testing  of  the  material  tendered  must  be  so  planned  as 
to  be  cfticient  and  leave  no  loop-holes  for  evasion  or  substitution  of 
inferior  materials.  In  the  case  of  some  substances  every  shipment 
must  be  tested.  In  the  case  of  others,  as  for  example,  materials 
that  are  produced  in  heats  or  arc  stored  in  tanks  or  bins,  the  tests 
deciding  their  fate  may  be  construed  to  cover  the  whole  amount 
even  though  there  may  be  a  number  of  deliveries.  The  essential 
feature  is  that  each  test  or  lot  of  tests,  shall  cover  a  definite  amount 
of  material  and  that  nothing  shall  be  left  to  the  honesty  and  good 
intention  of  the  producer  or  shipper.  If  we  are  going  to  trust  the 
producer  in  one  detail  we  may  as  well  trust  him  in  all.  The  strength 
of  a  chain  is  the  strength  of  its  weakest  link.  No  universal  rule  can 
be  given,  but  assuming  that  the  specification  is  wisely  dra\Mi  and 
provides  only  essential  tests,  these  tests  must  be  so  applied  as 
reasonably  to  cover  all  the  material  that  is  delivered. 

Again,  since  it  is  clearly  impossible,  except  perhaps  in  the  case 
of  proof  strains,  to  apply  tests  to  all  the  material  in  the  shipment,  it 
is  obvious  we  must  rely  on  tests  of  samples,  and  this  brings  up  the 
question  of  sampling.  Upon  this  point  several  rules  are  clearly 
applicable.  First,  a  representative  of  the  consumer  must  always 
take  the  sample.  This  is  in  accordance  with  the  principle  already 
enunciated  that  it  is  not  reasonable  or  proper  or  safe  to  trust  the 
producers  in  anything  by  which  the  validity  of  the  tests  might  be 
affected.  Not  once  but  many  hundred  times  have  we  been  asked 
to  allow  the  shippers  or  producers  to  send  a  sample  and  accept  a 
shipment  on  its  examination.  The  request  was  undoubtedly  made 
in  good  faith  and  with  no  other  desire  than  to  facilitate  the  trans- 
action. Perhaps  it  is  needless  to  say  that  our  belief  in  the  facility 
with  which  unintentional  mistakes  would  be  made  and  a  sample 
better  than  the  average  of  the  shipment  be  sent,  has  always  led  us 
to  positively  refuse  such  requests. 

Second,  the  sample  must  be  representative  of  the  whole  ship- 
ment or  lot  under  test.  This  point  is  usually  provided  for  in  the 
specifications  and  docs  not  here  require  special  comment.  Nor  is 
it  essential  perhaps  to  remark  on  the  necessity  that  the  sample 
should  represent  a  definite  amount  of  material,  since  this  is  also 
provided  for  in  the  specifications.    We  may,  however,  be  permitted 
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to  say  that  some  specifications  that  we  have  seen,  seem  to  us  to 
assume  greater  uniformity  in  the  product  made  in  successive  similar 
operations,  than  actually  exists  in  the  material.  If  it  were  at  all 
possible  to  avoid  it,  we  would  not  hke  to  accept  articles  of  steel 
made  by  the  Bessemer  process,  especially  where  strength  and 
safety  are  involved,  without  a  test  of  each  blow. 

A  third  point  in  regard  to  sampling  has  a  more  direct  bearing 
on  our  theme,  the  enforcement  of  specifications,  viz.,  the  sample 
should  be  taken  at  random  and  not  always  from  the  same  place. 
We  have  many  times  been  surprised  to  find  out  how  intimate  the 
knowledge  on  the  part  of  the  shipper  or  producer  soon  gets  to  be 
of  the  practices  of  the  consumer  in  sampling.  Apparently  the  pro- 
ducer thinks  it  is  just  as  fair  that  he  should  know  all  about  the  con- 
sumer's use  of  his  material,  as  that  the  consumer  should  know  all 
about  his  manufacture  of  it.  This  we  are  quite  ready  to  concede. 
But  now  if  in  sampling  a  car  load  of  oil  the  barrel  next  to  the  door 
is  always  chosen  by  the  inspector  or  if  in  sampling  a  pile  of  axles 
the  one  on  top  is  always  selected  or  in  picking  out  a  spring  for  test 
from  a  lot  assembled  and  offered  if  the  one  nearest  at  hand  is  habit- 
ually taken,  it  is  perfectly  evident  that  an  opportunity  is  afforded 
for  one  of  those  unintentional  mistakes  of  workmen  or  foremen  that 
would  result  in  the  best  material  always  being  tested.  It  would 
take  us  too  far  away  from  our  subject  to  discuss  here  the  bearing 
upon  these  unintentional  mistakes  of  the  practice  which  is  so  com- 
mon in  many  estabhshments  of  paying  the  subordinates,  nay  even 
the  whole  manufacturing  organization  perhaps,  in  proportion  to 
the  amount  of  successful  output.  We  cannot  but  think,  however, 
that  ingenuity  in  sampling  is  a  legitimate  and  reasonable  offset  to 
this  practice  and  that  it  is  as  important  that  the  inspector  who  takes 
the  samples  should  be  full  of  suspicion  and  scientifie  doubt,  as  that 
testing  machines  should  be  rehable,  or  that  a  chemical  balance 
should  give  accurate  weights. 

As  showing  how  failure  to  comprehend  the  whole  shipment  in 
the  sampling  may  result  in  disaster  and  at  the  same  time  illustrate, 
the  unintentional  mistakes  of  workmen  about  which  we  have 
already  said  so  much,  let  us  cite  an  incident.  A  lot  of  bronze  cast- 
ings were  being  furnished  for  use  in  locomotive  construction.  The 
order  was  a  large  one  and  shipments  were  made  from  time  to  time. 
The  inspection  force  was  pressed  with  work  and,  let  it  be  confessed, 
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not  quite  as  much  permeated  with  suspicion  and  scientific  doubt 
as  should  have  been  the  case.  The  bronze  was  bought  on  definite 
chemical  specifications  and  from  each  delivery  enough  sprues  were 
broken  otT  from  various  castings  by  the  inspector  to  properly  sample 
the  material.  These  samples  were  used  for  the  analysis.  Deliv- 
eries w^ere  made  usually  about  three  times  a  week  and  the  inspector 
was  sent  for  to  inspect  and  sample  the  material  whenever  a  delivery 
was  ready.  It  was  explained  to  the  inspector  that  it  would  greatly 
facilitate  the  work  of  the  foundry  if  he  would  allow  say,  three- 
fourths  or  more  of  the  castings  to  have  the  sprues  broken  off  and 
used  over  again,  before  the  regular  sampling  w^as  done.  They 
would  leave  enough  sprues  attached,  say  to  a  quarter  of  the  castings 
(nothing  very  definite  as  to  the  number  of  sprues  to  be  left  attached 
was  promised)  so  that  he  would  have  abundant  chance  for  selection. 
In  the  goodness  of  his  heart  the  inspector  allowed  this  to  be  done. 
A  number  of  shipments  were  made,  sampled,  tested  and  accepted 
in  this  way.  Some  suspicion  having  arisen  later  in  the  minds  of 
those  higher  up  than  the  inspectors  in  the  testing  organization, 
some  twenty  full  size  castings,  all  selected  from  a  large  number  of 
those  from  which  the  sprues  had  been  broken  off  before  sampling, 
were  sent  for  analysis.  The  analyses  showed  that  in  some  manner 
not  explained  every  one  of  the  samples  from  the  castings  bereaved 
of  their  sprues  by  the  foundr)''  force  w^ere  not  only  not  according  to 
the  specifications,  but  showed  unmistakable  evidence  of  having  in 
their  composition  large  percentages  of  inferior  scrap.  It  is  perhaps 
needless  to  add  that  from  this  time  forward,  after  the  inspector  had 
been  changed,  the  sprues  were  all  allowed  to  remain  on  all  castings 
until  the  sampling  was  finished. 

This  brings  us  to  the  last  requirement  in  sampfing  which  we 
will  discuss,  viz.,  the  sampled  material  should,  as  far  as  possible, 
not  remain  in  the  hands  of  the  producers  after  it  has  been  sampled. 
The  equity  of  this  practice  will  not,  we  fancy,  be  called  in  question ; 
the  actual  carrj^ing  out  of  the  rule  is  not  always  so  easy.  Materials 
that  are  sampled  and  tested,  after  they  arrive  at  destination,  present 
no  difficulties.  We  have  known  of  refusals  to  ship,  until  after  the 
material  had  been  tested  and  accepted,  but  when  it  was  explained 
that  it  would  be  practically  impossible  to  send  inspectors  to  sample 
every  shipment  of  every  kind  of  material  before  it  was  started  on  its 
journey  to  the  service  for  which  it  was  intended,  such  refusals  have 
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usually  vanished.  Moreover,  the  refusal  to  ship  has  always 
seemed  to  us  to  argue,  either  a  lack  of  knowledge  of  the  character- 
istics of  the  material  that  the  shipper  is  tendering,  or  a  well 
grounded  fear  that  it  would  not  stand  test.  Also,  in  the  case  of 
materials  such  as  springs,  alloys,  etc.,  which  can  be  inspected  and 
sampled  and  then  loaded  at  once,  there  is  no  difficulty,  but  in  the 
case  of  materials  which  cannot  be  so  treated  or  which  must  be 
stored  the  matter  is  more  serious.  In  such  cases,  marking  in  such 
a  way  that  the  marking  cannot  be  defaced  without  showing  it, 
must  always  be  practiced.  The  chances  for  unintentional  mis- 
takes are  too  numerous  and  the  fact  that  such  mistakes  do  actually 
frequently  occur  is  too  common  to  permit  of  any  uncertainty  on 
this  point. 

Before  leaving  the  subject  of  sampling,  perhaps  you  will  bear 
a  word  on  the  question  whether  a  sample  taken  with  all  the  known 
precautions  does  as  a  matter  of  fact,  actually  represent  the  ship- 
ment. The  sample  is  but  a  ver)'  small  fragment  of  the  shipment, 
and  a  doubt  may  fairly  be  felt  as  to  whether  the  whole  shipment  is 
like  the  sample.  It  is  obvious  that  if  the  specification  is  intelli- 
gently drawn  all  the  variations  in  the  material,  due  to  uncertainties 
in  the  process  of  manufacture  or  unavoidable  errors  of  manipula- 
tion, are  provided  for  in  the  sampling  which  it  directs.  This  leaves 
only  intentional  or  unintentional  variations,  introduced  by  the  pro- 
ducer, to  be  provided  against.  Our  position  in  regard  to  these  has 
always  been  that  if  the  producer  was  willing  to  take  the  risk  of  our 
getting  our  sample  from  one  of  these  intentionally  inferior  parts  of 
the  shipment,  with  the  rejection  which  would  inevitably  follow,  we 
were  wiUing  to  take  the  chance  of  getting  a  sample  from  a  better 
part  of  the  shipment,  with  the  consequent  acceptance  of  some 
inferior  material.  Moreover,  in  cases  of  reasonable  doubt  we  have 
a  number  of  times  sampled  every  part  of  a  shipment  and  are  strong 
in  our  belief  that  very  few  commercial  men  would  persistently  offer 
material,  portions  of  which  they  knew  to  be  inferior. 

But  again  let  us  discuss  another  phase  of  our  theme.  Let  US' 
assume  that  the  specification  has  been  wisely  drawn,  that  a  ship- 
ment has  been  properly  sampled  and  that  the  tests  show  that  it  does 
not  fill  the  requirements.  What  is  the  next  step  ?  As  a  matter  of 
fact  in  our  own  daily  work,  but  one  thing  is  ever  done  and  that  is 
the  material  is  rejected.    None  of  our  specifications  provide  for  a 
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second  or  third  sampling  and  corresponding  tests.  Our  theory  is 
that  the  material  ought  all  to  be  of  the  grade  called  for  by  the  speci- 
fications, since  this  is  what  the  consumer  has  bargained  for,  and  if 
this  is  the  actual  fact  one  sample  is  as  good  as  fifty.  We  are  quite 
well  aware  that  there  are  many  specifications  in  force  which  pro- 
vide for  second  and,  if  need  be,  third  tests,  the  fate  of  the  shipment 
to  be  decided  by  the  majority.  But  this  has  for  a  long  time 
seemed  to  us  to  be  a  survival  of  the  crude  early  days  of  testing, 
when  neither  producer  or  consumer  knew  much  about  materials 
and  which  it  is  high  time  should  be  banished  forever.  If  a  speci- 
fication is  so  severe  that  only  two-thirds  of  well-made  material  will 
stand  test,  the  specification  should  be  changed  and  if  a  manu- 
facturer can  only  make  a  product,  two-thirds  of  which  will  stand 
test,  he  should  either  learn  how  to  improve  his  product  or  go  out  of 
business.  Testing  was  never  intended  to  be  a  device  to  bring  about 
theacceptanceof  inferior  material;  but  quite  the  contrary.  More- 
over, from  three  samplings  and  tests  it  is  but  a  step  to  five  or  seven 
or  nine  and  perhaps  if  sampling  and  test  is  long  enough  indulged  in 
a  majority  may  ultimately  be  found  which  will  always  bring  accept- 
ance of  the  material.  Surely  the  interests  and  responsibilities  of 
the  consumer  cannot  be  trifled  with  in  this  manner. 

But  some  one  says,  are  you  so  sure  that  you  are  right  in  your 
single  test  that  you  feel  that  you  are  on  firm  ground  in  rejecting 
material  and  cutting  off  all  chance  for  further  tests  ?  We  reply  that 
is  quite  another  matter.  Retesting  because  the  material  fails,  no 
question  being  raised  in  regard  to  the  reliabihty  of  the  tests,  is 
entirely  different  from  a  retest  because  there  is  reason  to  think 
there  is  something  wTong  with  the  sampling  or  testing.  In  this 
case  the  burden  of  proof  is  on  the  producer  and  it  is  incumbent  on 
him  to  show  reasonable  ground  for  re-opening  the  case.  On  the 
other  hand,  it  is  equally  essential  that  the  consumer  should  wel- 
come the  investigations  of  the  producer;  should  throw  ever)'thing 
open  to  him,  and  give  him  every  facihty  for  satisfying  himself  that 
no  injustice  has  been  done.  There  is  no  room  for  a  star  chamber 
in  the  enforcement  of  specifications.  In  our  own  laboratory,  we 
always  keep  the  sample  of  every  rejected  shipment  for  a  month  and 
are  always  ready  to  give  the  producer  half  of  our  sample  for  verifi- 
cation purposes.  Moreover,  we  have  often  said  to  shippers  w^ho 
were  interviewing  us  over  rejected  material  "you  may  follow  your 
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matenal  from  your  works  to  destination,  you  may  see  the  sampling, 
may  follow  the  sample  to  the  Laboratory  and  either  by  yourself  or 
your  technical  representative  be  present  and  watch  the  whole  oper- 
ation of  the  testing,  and,  finally,  here  is  half  the  sample  on  which  we 
have  worked.  Put  it  in  the  hands  of  any  reputable  chemist  and  if 
he  docs  not  confirm  our  results,  we  will  take  up  the  question  with 
him  and  find  out  who  is  in  error. "  Our  sincere  desire  is  to  get  at 
the  truth  and  we  cannot  put  it  too  strongly,  there  should  be  nothing 
unfair  or  secret  or  arbitrar}^  on  the  part  of  the  consumer  in  rejecting 
material.  On  the  other  hand,  the  sampHng  and  testing  being  fair 
and  honest  and  rehable,  there  should  be  but  one  sampling  and 
testing  and  no  retests. 

Closely  related  to  the  point  we  have  just  discussed  is  the  ques- 
tion of  the  use  of  rejected  materials.  It  is  safe  to  say  that  hundreds 
of  times  during  the  past  thirty  years,  we  have  been  asked,  "Yes,  it 
is  true  the  material  does  not  quite  stand  test,  but  cannot  you  accept 
and  use  it  ?  And  only  a  little  less  frequently  the  same  request  has 
been  made  of  those  higher  in  authority  in  the  organization.  The 
arguments  usually  used  are,  "the  material  will  give  you  good  ser- 
vice, not  quite  as  good  as  if  it  had  stood  test,  but  still  on  the  whole 
fairly  satisfactor}'. "  Also  "we  are  good  friends  of  yours,  and 
would  do  the  same  for  you. "  And  stiU  further  "we  are  ver}'  large 
shippers  over  your  line,  and  think  some  concession  is  due  to  us  in 
view  of  this  fact."  There  is  apparently  complete  failure  on  the 
part  of  those  using  these  arguments  to  comprehend  the  position  in 
which  they  are  placing  the  officer  to  whom  these  requests  are  made. 
Let  us  see  if  we  can  look  at  the  matter  from  his  point  of  view.  It 
takes  but  a  moment's  reflection  on  the  part  of  any  fair-minded 
person  to  enable  him  to  see  that  to  grant  the  request  means  a  com- 
plete breaking  down  of  the  specifications.  The  officer  in  question 
is  usually  responsible  for  the  specification.  He  has  made  and 
issued  it  and  that  too  after  careful  consultation  with  those  who  are 
to  furnish  the  material.  The  requirements  of  the  specification 
have  been  agreed  to  and  a  contract  has  been  made  with  the  pur- 
chasing agent  or  other  officer,  to  furnish  material  that  would  stand 
test.  If  now  the  specification  is  to  be  waived  in  one  case,  why  not 
in  all,  and  what  then  becomes  of  the  specification  ?  Still  further, 
a  shipment  of  the  kind  in  question  once  accepted  becomes  a  pre- 
cedent for  the  next  case  and  so  on  ad  finitum.    Moreover,  appar- 


34  Annual  Address  by  the  President. 

ently  also  another  and  vcn'  important  point  is  forgotten,  viz.,  that 
it  is  simply  unfair  and  unjust  to  those  who  are  furnishing  material 
which  does  fully  meet  the  requirements,  to  accept  shipments  from 
others  who  fail  in  this  respect.  Much  of  the  oblocjuy  which  is  so 
rife  at  the  present  time,  affecting  those  in  authority  in  large  organi- 
zations using  large  quantities  of  material,  is  legitimately  and  reason- 
ably based  on  cases  of  this  kind.  It  is  claimed,  and  as  it  seems  to 
us  justly  so,  that  certain  parties  have  a  pull  and  are  able  to  do  busi- 
ness with  the  organization  in  question,  while  others  who  are  striv- 
ing to  be  absolutely  straight  forward  and  honest  and  to  do  as  they 
have  agreed,  are  entirely  unsuccessful.  Moreover,  there  is 
another  phase  of  the  case.  It  may  chance  that  the  rejected  mate- 
rial is  of  such  a  nature  that  the  use  of  it  wouki  only  involve  a  slight 
financial  loss.  This  point  we  will  refer  to  in  a  moment.  But 
again,  on  the  other  hand,  the  rejected  material  may  be  of  such  a 
kind  that  the  question  of  safety  to  passengers  or  risk  to  human  life, 
is  involved  in  its  use.  In  this  last  case  it  seems  to  us  that  there  can 
be  but  one  answer  to  the  request  to  use  unsatisfactory  material  and 
that  is  "nothing  could  induce  us  to  accept  and  use  this  material." 
And  in  the  case  where  only  a  money  loss  is  involved,  as  has  just 
been  cited,  we  are  clear  that  there  is  only  one  condition  under  which 
it  is  at  all  admissible  to  accept  and  use  rejected  material.  It  has 
been  a  puzzle  to  us  how  completely  manufacturers  and  shippers 
lose  sight  of  this  condition.  If  among  the  arguments  used  to  get 
the  rejected  material  accepted  the  shippers  would  only  urge  "it  is 
true  the  material  is  not  quite  what  we  have  agreed  to  furnish  and 
in  view  of  this  fact  we  will  deduct  a  certain  amount  from  the  bill," 
their  case  would,  as  it  seems  to  us,  stand  on  firm  ground  and  might 
have  a  reasonable  expectation  of  success.  Fairness  and  the  ulti- 
mate satisfaction  of  both  parties  to  a  transaction  is  the  only  basis 
upon  which  successful  business  can  be  continuously  carried  on. 

This  whole  matter  of  multiple  tests,  retests,  and  the  disposal 
of  unsatisfactory  material  can,  as  it  seems  to  us,  be  summed  up  in 
a  few  words.  Multiple  tests  are  pernicious  and  should  be  aban- 
doned. Retests,  including  the  sampling,  should  never  be  made 
unless  there  is  reasonable  evidence  to  think  there  is  an  error  some- 
where in  the  fi»-st  test,  and  to  decide  this  point  every  reasonable 
facility  should  be  furnished  by  the  consumer  to  the  producer  to 
enable  him  to  satisfy  himself.     Shipments  or  material  once  fairly 
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rejected,  should  never  be  accepted  and  used  if  the  material  is  of 
such  a  kind  that  safety  or  risk  to  human  life  is  involved,  and  finally 
it  is  suicidal,  as  it  brings  with  it  a  train  of  almost  unmanageable 
subsequent  conditions,  to  accept  rejected  material  in  which  only 
commercial  considerations  are  involved,  unless  there  is  some  abate- 
ment in  price. 

A  number  of  other  points  involved  in  the  enforcement  of  speci- 
fications might  be  discussed,  but  I  fear  I  have  already  wearied  you. 
Perhaps  you  will  bear  with  me  while  I  very  briefly  touch  upon  one 
or  two  more.  It  not  infrequently  happens  that  when  the  tests  are 
applied  to  the  sample,  it  is  found  that  it  almost  but  not  quite  fills 
the  requirements.  What  should  be  the  procedure  in  such  a  case  ? 
The  answer  is  not  quite  so  easy  as  might  seem  at  first  sight.  It  is 
well  known  that  the  ruling  which  prevails  in  many  locations,  espe- 
cially abroad,  is  that  the  material  fails  and  should  be  rejected.  For 
example,  suppose  the  specification  requires  not  above  0.040  per 
cent,  of  phosphorus  in  the  steel,  and  the  analysis  shows  0.043  or 
0.045  P^''  cent.  Shall  the  material  be  rejected?  It  is  plain  that 
the  accuracy  of  chemical  work  is  involved.  Now  it  should  be  con- 
fessed openly  and  plainly  that  no  test  gives  absolutely  accurate 
results.  One  of  my  old  instructors  used  to  say  "no  chemist  can 
make  an  absolutely  accurate  analysis."  "Even  though  the 
chemist  himself  was  infallible,  the  methods  will  not  give  absolute 
results."  "There  are  chemists  who  can  work  near  enough  to 
accuracy  so  that  their  results  are  useful,  and  there  are  others  who 
cannot."  And  the  same  is  true  of  physical  tests.  Testing  ma- 
chines are  not  absolutely  accurate  and  strictly  accurate  measure- 
ments are  ver}^  difficult  to  make.  How  then  shall  these  inevitable 
inaccuracies  be  handled  ? 

In  our  o^^^l  laboratory'  no  shipment  is  ever  rejected  until  the 
test  has  been  dupHcated  and  sometimes  three  or  four  tests  are  made. 
But  this  still  leaves  the  unavoidable  small  inaccuracies  unprovided 
for  and  they  must  be  provided  for  in  some  way,  as  not  rarely  accept- 
ance or  rejection  turns  upon  them.  Two  ways  of  meeting  -the 
difficulty  have  been  suggested.  One  is  to  have  it  a  part  of  the 
specifications  and  to  have  the  producers  clearly  understand  it,  that 
the  limits  of  the  specifications  cover  the  inevitable  and  unavoidable 
errors  of  testing,  that  is,  the  manufacturer  should  work  far  enough 
within  the  limits  of  the  specifications,  so  that  the  inevitable  and 
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unavoidable  errors  of  testing,  would  never  lead  to  the  rejection  of 
a  shipment.  The  other  way  is  to  make  the  limits  of  the  specifica- 
tion sufficiently  narrower  or  wider,  as  the  case  may  be,  to  cover 
these  unavoidable  and  inevitable  errors  of  testing  and  then  allow 
for  them  in  deciding  w^hether  to  accept  or  reject.  The  latter  pro- 
cedure is  the  one  we  have  always  followed  in  our  laborator}^  An 
illustration  will  make  the  w^holc  matter  clear.  For  certain  pur- 
poses steel  containing  0.040  per  cent,  of  phosphorus  will  give  us 
perfectly  satisfactor}^  results  in  service.  But  knowing  as  we  do, 
that  chemists  will  differ  and  that  there  are  inevitable  and  unavoid- 
able errors  in  the  analysis,  we  make  the  upper  limit  of  phosphorus 
in  the  specification  0.03  per  cent.,  knowing  that  such  steel  can 
readily  be  obtained  in  the  market  without  undue  hardship  to  any 
one.  It  is  evident  we  have  by  this  procedure  sufficient  margin  to 
cover  inevitable  and  unavoidable  errors  in  the  determination,  with- 
out raising  questions  which  involve  contention  and  hair  splitting. 
It  is  infinitely  better  it  seems  to  us,  to  so  draw  the  specifications  that 
the  service  will  be  protected  by  a  sufficient  margin  to  afford  good 
strong  fighting  ground  and  then  when  a  rejection  is  made  stand  by 
it  to  the  bitter  end.  One  of  the  most  used  rules  of  our  laboratory 
is,  never  reject  a  shipment  unless  you  know  beforehand  that,  so  far 
as  the  figures  of  the  test  are  concerned,  you  will  win  in  the  contest 
which  may  follow  the  rejection. 

Again  let  us  suppose  that  a  shipment  has  been  wrongly 
rejected  and  that  the  shipper  has  been  put  to  expense  in  regard  to 
it.  Is  any  requital  due  him  for  this  loss  or  must  he  regard  it  as  one 
of  the  inevitable  expenses  of  doing  business  ?  We  answer  unhesi- 
tatingly that  in  the  case  supposed  there  is  only  one  thing  to  be  done 
and  that  is  for  the  consumer  to  make  good  the  loss  due  to  the 
erroneous  rejection.     It  is  a  poor  rule  that  does  not  work  both  ways. 

We  should  like  to  discuss  several  points  further  in  connection 
with  our  theme,  notably  what  shall  become  of  rejected  material? 
How  far  has  the  consumer  a  right  to  protect  himself  against  such 
material  and  especially  has  he  a  right  and  is  it  good  poHcy  for  him 
to  so  mark  rejected  material  that  it  cannot  be  offered  again? 
Still  further,  we  should  like  to  bring  before  you  the  question  as  to 
who  shall  make  good  the  aimoyance  and  frequent  money  loss 
which  are  experienced  by  the  consumer  due  to  rejected  materials. 
It  is  always  annoying  and  often  necessitates  expensive  delays  and 
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re-arrangements  to  reject  a  shipment.  Also  what  penalty,  if  any, 
should  the  producer  pay  to  requite  the  consumer  for  this  annoyance 
and  loss.  Our  subject  is  not  nearly  exhausted,  but  we  have  aheady 
taken  too  much  time. 

Bear  with  us  while  we  conclude  by  presenting  very  briefly  a 
problem  which  has  had  lodgment  in  our  o\\ti  brain  for  quite  some 
time  now  and  which  recent  events  in  regard  to  certain  materials 
have  seemed  to  force  into  prominence.  It  is  plain  that  in  using 
materials  in  those  constructions  which  involve  safety  in  the  railroad 
sense,  or  risk  of  human  Hfe  in  the  public  sense,  there  is  a  question 
of  responsibility  involved.  If  rails  are  defective  and  break,  if  an 
accident  with  loss  of  hfe  results  from  the  use  of  poor  material  in  car 
construction,  if  a  bridge  falls  and  produces  a  disaster  due  to  inferior 
materials,  or  a  building  collapses  from  the  same  cause,  it  is  clear 
that  some  one  should  be  held  responsible;  and  since  there  are  but 
two  parties  involved  in  the  materialsj  viz.,  those  who  make  them 
and  those  who  accept  and  use  them,  it  is  difficult  to  see  how  one  or 
the  other  of  them  is  going  to  escape  the  responsibility.  Now  our 
problem  is,  which  of  the  two  in  equity  should  be  held  responsible  ? 
It  is  perhaps  hardly  wise  at  this  time  to  attempt  a  definite  answer. 
Much  might  be  said  on  both  sides  and  probably  no  two  persons, 
certainly  neither  of  the  two  parties  most  interested,  would  give  the 
same  answer.  But  there  is  a  phase  of  the  case  which  we  w^ould 
like  to  present.  It  is  well  known  that  in  the  earlier  structural  work, 
when  safety  was  involved,  there  was  no  testing  worthy  the  name 
and  materials  were.bought  and  used  on  the  reputation  of  the  maker. 
Fortunately  the  constructions  in  most  cases  had  a  high  factor  of 
safety.  WTien  disaster  did  come,  if  it  was  due  to  defective  mate- 
rials, it  was  explained  that  the  materials  used  were  from  those  of 
the  highest  reputation  in  the  business,  and  that  no  one  could  really 
be  held  responsible.  But  at  the  present  time  conditions  have 
changed.  The  knowledge  of  the  properties  of  materials  of  con- 
struction has  increased,  methods  of  testing  and  testing  appliances 
have  grown  up  in  dehghtful  profusion  and  it  is  to-day  entirely  pos- 
sible, we  feel  safe  in  saying,  for  an  engineer  to  be  reasonably  sure 
that  defective  material  does  not  go  into  his  structures.  We  waive 
here  the  discussion  of  commercial  considerations  as  affecting  the 
use  of  materials.  If  it  is  sho-uii  that  these  have  led  to  the  use  of 
defective  materials,  the  moral  responsibility  for  loss  of  Hfe  must 
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certainly  go  to  the  one  who  has  allowed  commercial  considerations 
to  have  such  undue  weight,  be  he  either  the  maker  of  the  material 
or  the  one  high  in  authority  who  has  allowed  it  to  be  used.  But 
the  point  we  want  to  make  is,  in  view  of  present  knowledge  and 
present  means  and  appliances  for  testing,  are  engineers  or  their 
principals  any  longer  entitled  to  offer  as  an  excuse  for  defective 
materials,  that  they  were  bought  from  the  best  makers  ?  Can  they 
equitably  do  so?  Can  they  legally  do  so?  Is  not  the  time  near 
at  hand  when  engineers  and  their  principals  will  be  compelled  if 
not  legally  then  by  force  of  public  opinion,  to  acquire  by  the  estab- 
lishment of  laboratories  and  means  of  testing,  by  the  making  and 
enforcement  of  specifications,  such  knowledge  in  regard  to  the 
materials  they  are  putting  into  structures,  as  will  give  the  public 
greater  security  than  it  now  has  against  disaster. 


REPORT  OF  COMMITTEE  A  ON 
STANDARD  SPECIFICATIONS  FOR  IRON  AND  STEEL. 

At  the  last  annual  meeting  the  report  of  Committee  A  on 
Standard  Specifications  for  Steel  Rails  was  referred  back  to  the 
Committee  with  instructions  to  report  at  the  next  annual  meeting 
proposed  Standard  Specifications  for  Steel  Rails  which  would  give 
promise  of  correcting  as  far  as  possible  the  defective  quality  of 
rails  obtained  under  existing  specifications. 

In  pursuance  of  that  resolution,  the  Executive  Committee 
appointed  a  sub-committee  of  Committee  A  to  prepare  a  report 
on  proposed  standard  specifications  for  steel  rails. 

This  sub-committee,  consisting  of  Messrs.  W.  A.  Bostwick, 
P.  E.  Carhart,  Charles  B.  Dudley,  E.  F.  Kenney,  Edgar  Marburg, 
George  E.  Thackray  and  W.  R.  Webster,  held  two  meetings,  and 
imanimously  agreed  to  reaffirm  the  recommendations  with  respect 
to  Standard  Specifications  for  Steel  Rails  made  at  the  last  annual 
meeting,  with  the  following  modifications : 

1.  Discard. — There  shall  be  sheared  from  the  end  of  the 
blooms  formed  from  the  top  of  the  ingots  not  less  than  x*  per  cent, 
and  if,  from  any  cause,  the  steel  does  not  then  appea  r  to  be  solid, 
the  shearing  shall  continue  until  it  does. 

2.  Straightening. — To  adopt  the  clause  governing  straighten- 
ing in  the  specifications  recommended  by  the  American  Society 
of  Civil  Engineers,  adding  the  following  sentence  at  the  end  of  the 
first  paragraph: 

"The  distance  between  supports  of  rails  in  the  gagging  press 
shall  be  not  less  than  42  inches." 

This  action  was  submitted  to  Committee  A  for  letter-ballot 
which  resulted  in  22  affirmative  votes  sustaining  the  action  of  the 
sub-committee  and  2  negative  votes.  The  proposed  Standard 
Specifications  for  Steel  Rails  are  as  follows : 


*  The  percentage  of  minimum  discard  in  any  case  to  be  subject  to 
agreement  and  it  should  be  recognized  that  the  higher  this  percentage 
the  greater  will  be  the  cost. 

(39) 
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Proposed  Standard  Specifications  for  Steel  Rails. 

(i)  (a)  The  entire  process  of  manufacture  and  testing  shall 
be  in  accordance  with  the  best  current  practice, 
and  special  care  shall  be  taken  to  conform  to  the 
following  instructions : 

(b)  Ingots  shall  be  kept  in  a  vertical  position  in  the  pit 

heating  furnaces  until  ready  to  be  rolled  or  until  the 
metal  in  the  interior  has  time  to  solidify. 

(c)  No  bled  ingots  shall  be  used. 

(d)  There  shall  be  sheared  from  the  end  of  the  blooms 

formed  from  the  top  of  the  ingots  not  less  than  x*  per 
cent.,  and  if,  from  any  cause,  the  steel  does  not  then 
appear  to  be  soHd,  the  shearing  shall  continue  until 
it  does. 
(2)  Rails  of  the  various  weights  per  yard  specified  below  shall 
conform  to  the  following  limits  in  chemical  composition : 


Carbon 

Phosphorus,  shall  not  exceed 

Silicon,  shall  not  exceed 

Manganese 


so  to  59 
Pounds. 
Per  cent. 


0.35-0.45 
o.io 
0.20 

0.70-1.00 


60  to  69 
Pounds. 
Per  cent. 


0.38-0.48 

0.10 

0.20 
0.70-1.00 


70  to  79 
Pounds. 
Per  cent. 


0.20 
0.7S-I.0S 


80  to  89 
Pounds. 
Per  cent. 


0.43-0.53 

o.io 

0,20 
0.80-1. 10 


90  to  100 
Pounds. 
Per  cent. 


0.4S-0.SS 

0.10 

o  20 
0.80-1. 10 


(3)  One  drop  test  shall  be  made  on  a  piece  of  rail  not  less 
than  four  feet  and  not  more  than  six  feet  long,  selected  from  every 
fifth  blow  of  steel.  The  test  shall  be  taken  from  the  top  of  the 
ingot.  The  rail  shall  be  placed  head  upwards  on  the  supports, 
and  the  various  sections  shall  be  subjected  to  the  following  impact 
tests  under  a  free  falling  weight: 


More  than 
More  than 
More  than 
More  than 


Weight  of  Rail. 
Pounds  per  Yard. 


45  to  and  including    55 

5S  ■'                    6s 

6S  "                   75 

75  "                    8s 

8s  "                 100 


Height  of  Drop. 
Feet. 


IS 
16 
17 
18 
19 


*  The  percentage  of  minimum  discard  in  any  case  to  be  subject  to 
agreement  and  it  should  be  recognized  that  the  higher  this  percentage 
the  greater  will  be  the  cost. 
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If  any  rail  break  when  subject  to  the  drop  test,  two  additional 
tests,  taken  from  the  top  of  the  ingot,  will  be  made  of  other  rails 
from  the  same  blow  of  steel,  and  if  either  of  these  latter  tests  fail,  aU 
the  rails  of  the  blow  which  they  represent  will  be  rejected,  but  if 
both  of  these  additional  test  pieces  meet  the  requirements,  all  the 
rails  of  the  blow  which  they  represent  will  be  accepted. 

(4)  The  number  of  passes  and  speed  of  train  shall  be  so  reg-  Finishing 
ulated  that  on  leaving  the  roUs  at  the  final  pass  the  temperature     *™p*''^*"'"'' 
of  the  rail  will  not  exceed  that  which  requires  a  shrinkage  allowance 

at  the  hot-saws,  for  a  30-foot  rail  of  100  lb.  section,  of  6i-|. 
inches,  and  iV  inch  less  for  each  5  lb.  decrease  of  section.  These 
allowances  to  be  decreased  at  the  rate  of  .01  inch  for  each  second 
of  time  elapsed  between  the  rail  leaving  the  finishing  rolls  and 
being  sslwq.  No  artificial  means  of  cooHng  the  rails  shall  be  used 
between  the  finishing  pass  and  the  hot-saws. 

(5)  The  drop  testing  machine  shall  have  a  tup  of  two  thousand  Drop  Testing 
(2,000)  pounds  weight,  the  striking  face  of  which  shall  have  a       "^  ^^' 
radius  of  not  more  than  five  (5)  inches,  and  the  test  rail  shall  be 

placed  head  upwards  on  soHd  supports  three  (3)  feet  apart.  The 
an^dl  block  shall  weigh  at  least  twenty  thousand  (20,000)  pounds, 
and  the  supports  shall  be  part  of,  or  firmly  secured  to,  the  anvil. 
The  report  of  the  drop  test  shall  state  the  atmospheric  temperature 
at  the  time  the  test  was  made. 

(6)  The  manufacturer  shall  furnish  the  inspector,  daily,  with  Chemical 
carbon  determinations  for  each  blow,  and  a  complete  chemical  ^^^' 
analysis  ever}^  twenty-four  hours,  representing  the  average  of  the 

other  elements  contained  in  the  steel,  for  each  day  and  night  turn. 
These  analyses  shall  be  made  on  drilHngs  taken  from  a  small  test 
ingot. 

(7)  Unless  otherwise  specified,  the  section  of  rail  shall  be  the  Weight 
American  Standard,  recormnended  by  the  American  Society  of 
Civil  Engineers,  and  shall  conform,  as  accurately  as  possible,  to  the 
templet  furnished  by  the  railroad  company,  consistent  "^-ith  para- 
graph (8)  relative  to  specified  weight.  A  variation  in  height  af 
one-sixty-fourth  (-gr)  of  an  inch  less,  or  one  thirty-second  (-jt) 
of  an  inch  greater  than  the  specified  height,  and  one-sixteenth 
(re)  inch  in  width  will  be  permitted. 

(8)  The  weight  of  the  rails  will  be  maintained  as  nearly  as 
possible,  after  complying  with  paragraph   (7)   to  that  specified 


Section. 
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in  contract.  A  variation  of  one-half  (^)  of  one  per  cent,  for  an 
entire  order  will  be  allowed.  Rails  shall  be  accepted  and  paid 
for  according  to  actual  weights. 

(9)  The  standard  length  of  rails  shall  be  thirty  (30)  feet.  Ten 
per  cent,  of  the  entire  order  will  be  accepted  in  shorter  lengths, 
varj'ing  by  even  feet  to  twenty-four  (24)  feet,  and  all  No.  i  rails 
less  than  30  feet  shall  be  painted  green  on  the  end.  A  variation 
of  one-fourth  of  an  inch  in  length  from  that  specified  will  be 
allowed. 

(10)  Circular  holes  for  sphce  bars  shall  be  drilled  in  accord- 
ance with  the  specifications  of  the  purchaser.  The  holes  shall 
accurately  conform  to  the  drawing  and  dimensions  furnished 
in  every  respect,  and  must  be  free  from  burrs. 

(11)  Straightening. — Care  must  be  taken  in  hot-straightening 
the  rails,  and  it  must  result  in  their  being  left  in  such  a  condition 
that  they  shall  not  vary  throughout  their  entire  length  more  than 
5  inches  from  a  straight  line  in  any  direction,  when  delivered  to 
the  cold-straightening  presses.  Those  which  vary  beyond  that 
amount,  or  have  short  kinks,  shall  be  classed  as  second-quality 
rails  and  be  so  stamped. 

The  distance  between  supports  of  rails  in  the  gagging  press 
shall  be  not  less  than  42  inches. 

Rails  shall  be  straight  in  line  and  surface  when  finished — the 
straightening  being  done  while  cold — smooth  on  head,  sawed 
square  at  ends,  variation  to  be  not  more  than  t2"  inch,  and,  prior 
to  shipment,  shall  have  the  burr  occasioned  by  the  saw  cutting 
removed,  and  the  ends  made  clean.  No.  i  rails  shall  be  free  from 
injurious  defects  and  flaws  of  all  kinds. 

(12)  The  name  of  the  maker,  the  weight  of  rail  and  the  month 
and  year  of  manufacture  shall  be  rolled  in  raised  letters  on  the  side 
of  the  wxb,  and  the  number  of  blow  shall  be  plainly  stamped  on 
each  rail  where  it  will  not  subsequently  be  covered  by  the  splice  bars. 

(13)  The  inspector  representing  the  purchaser  shall  have  free 
entry  to  the  w^orks  of  the  manufacturer  at  all  times  when  the  con- 
tract is  being  filled,  and  shall  have  all  reasonable  facilities  afforded 
him  by  the  manufacturer  to  satisfy  him  that  the  finished  material  is 
furnished  in  accordance  with  the  terms  of  these  specifications. 
All  tests  and  inspections  shall  be  made  at  the  place  of  manufacture 
prior  to  shipment. 
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(14)  No.  2  rails  will  be  accepted  up  to  ten  (10)  per  cent,  of  the  No.  a  Rails, 
whole  order.  Rails  that  possess  any  injurious  defects,  or  which 
for  any  other  cause  are  not  suitable  for  the  first  quahty,  or  No.  i 
rails,  shall  be  considered  as  No.  2  rails;  provided,  however,  that 
rails  which  contain  any  physical  defects  which  impair  their 
strength  shall  be  rejected.  The  ends  of  all  No  2  rails  shall  be 
painted  white  in  order  to  distinguish  them. 

Respectfully  submitted  on  behalf  of  the  Committee, 

W.  R.  Webster, 

Chairman, 
Edgar  Marburg, 

Secretary. 


[For  Discussion  of  this  report,  see  page  87.] 


Note. — ^The  specifications  embodied  in  the  above  report 
were  referred  to  letter-ballot  of  the  Society  by  two-thirds  vote  at 
the  Tenth  Annual  Meeting,  and  adopted  by  a  vote  of  125  affirm- 
ative and  18  negative,  canvassed  on  August  26. 

The  standard  length  of  finished  rails  was  originally  fixed  at 
30  ft.  instead  of  t,t,  ft.  by  the  Committee,  on  account  of  the  then 
existing  scarcity  of  cars,  especially  in  the  East,  of  suitable  length 
for  the  shipment  of  longer  rails.  This  condition  having  disap- 
peared the  Executive  Committee,  acting  on  a  recommendation 
to  that  effect  from  Committee  A  and  confirmed  by  the  members 
of  that  Committee  by  letter-ballot  without  a  dissenting  vote,  has 
authorized  the  adoption  of  the  33-ft.  length  in  the  Standard 
Specifications,  since  the  change  is  one  not  affecting  the  quahty  of 
the  product  but  dictated  by  practical  considerations  only;  this 
action  to  be  subject  to  the  approval  of  the  Society  at  the  next 
annual  meeting. 

The  Standard  Specifications  embodying  this  change  and  the 
corresponding  modifications  in  paragraph  (4)  on  Finishing  Tem- 
perature, and  paragraph  (9)  on  Shorter  Acceptable  Lengths, 
follow  in  the  succeeding  pages. 


AMERICAN   SOCIETY  FOR  TESTING  MATERIALS 

PHILADELPHIA,   PA.,   U.  S.  A. 

AFFILIATED    WITH    THE 

International  Association  for  Testing  Materials. 


STANDARD  SPECIFICATIONS  FOR  STEEL  RAILS. 

Adopted  September   i,   1907. 


Process  of 
Manufacture. 


(i)  (a)  The  entire  process  of  manufacture  and  testing  shall 
be  in  accordance  with  the  best  current  practice, 
and  special  care  shall  be  taken  to  conform  to  the 
following  instructions : 
(&)  Ingots  shall  be  kept  in  a  vertical  position  in  the  pit 
heating  furnaces  until  ready  to  be  rolled  or  until  the 
metal  in  the  interior  has  time  to  soHdify. 

(c)  No  bled  ingots  shall  be  used. 

(d)  There  shall  be  sheared  from  the  end  of  the  blooms 

formed  from  the  top  of  the  ingots  not  less  than  x  *  per 
cent.,  and  if,  from  any  cause,  the  steel  does  not  then 
appear  to  be  solid,  the  shearing  shall  continue  until 
it  does. 
(2)  Rails  of  the  various  weights  per  yard  specified  below  shall 
conform  to  the  following  hmits  in  chemical  composition : 


Chemical 
Composition 


Carbon 

Phosphorus,  shall  not  exceed 

Silicon,  shall  not  exceed 

Manganese 


so  to  59 
Pounds. 
Per  cent. 


0.35-0.45 
0.10 
0.20 

0.70-1.00 


60  to  69 
Pounds. 
Per  cent. 


0.38-0.48 

o.io 

0.20 
0.70-1.00 


70  to  79 
Pounds. 
Per  cent. 


0.40-0.50 

0.10 

0.20 
0.75-1-05 


80  to  89 
Pounds. 
Per  cent. 


0.20 
0.80-1. 10 


90  to  100 
Pounds. 
Per  cent. 


o  20 
0.80-1. 10 


*  The  percentage  of  minimum  discard  in  any  case  to  be  subject  to 
agreement  and  it  should  be  recognized  that  the  higher  this  percentage 
the  greater  will  be  the  cost. 

(44) 
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(3)  One  drop  test  shall  be  made  on  a  piece  of  rail  not  less  Drop  Test 
than  four  feet  and  not  more  than  six  feet  long,  selected  from  every 
fifth  blow  of  steel.  The  test  shall  be  taken  from  the  top  of  the 
ingot.  The  rail  shall  be  placed  head  upwards  on  the  supports, 
and  the  variou?  sections  shall  be  subjected  to  the  following  impact 
tests  under  a  free  falHng  weight: 


Weight  of  Rail. 
Potmds  per  Yard. 

Height  of  Drop. 
Feet. 

45   to  and  including    55 
SS                   "                   6S 
65                    "                    75 
75                    "                    85 
85                    "                  100 

15 
16 

17 

18 

19 

If  any  rail  break  when  subject  to  the  drop  test,  two  additional 
tests,  taken  from  the  top  of  the  ingot,  will  be  made  of  other  rails 
from  the  same  blow  of  steel,  and  if  either  of  these  latter  tests  fail,  all 
the  rails  of  the  blow  which  they  represent  will  be  rejected,  but  if 
both  of  these  additional  test  pieces  meet  the  requirements,  all  the 
rails  of  the  blow  which  they  represent  will  be  accepted. 

(4)  The  number  of  passes  and  speed  of  train  shall  be  so  reg-  Finishing 

7     ■,  1         .  T  1,  1       ,-       1  1  Temperature. 

mated  that  on  leavmg  the  rolls  at  the  final  pass  the  temperature 
of  the  rail  will  not  exceed  that  which  requires  a  shrinkage  allowance 
at  the  hot-saws,  for  a  33-foot  rail  of  100  lb.  section,  of  7  -Jg. 
inches,  and  -iV  inch  less  for  each  5  lb.  decrease  of  section.  These 
allowances  to  be  decreased  at  the  rate  of  .01  inch  for  each  second 
of  time  elapsed  between  the  rail  leaving  the  finishing  rolls  and 
being  sawn.  No  artificial  means  of  cooHng  the  rails  shall  be  used 
between  the  finishing  pass  and  the  hot-saws. 

(k)  The  drop  testina;  machine  shall  have  a  tup  of  two  thousand  Drop  Testing 

N  1-11  M  •  r  r        1  •    1        1      11    1  Machine. 

(2,oco)  pounds  weight,  the  striking  lace  of  which  shall  have  a 
radius  of  not  more  than  five  (5)  inches,  and  the  test  rail  shall  be 
placed  head  upwards  on  solid  supports  three  (3)  feet  apart.  The 
anvil  block  shall  weigh  at  least  twenty  thousand  (20,000)  pounds, 
and  the  supports  shall  be  part  of,  or  firmly  secured  to,  the  anvil. 
The  report  of  the  drop  test  shall  state  the  atmospheric  temperature 
at  the  time  the  test  was  made. 

(6)  The  manufacturer  shall  furnish  the  inspector,  daily,  with  chemical 
carbon  determinations  for  each  blow,  and  a  complete  chemical 
analysis  every  twenty-four  hours,  representing  the  average  of  the 
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other  elements  contained  in  the  steel,  for  each  day  and  night  turn. 
These  analyses  shall  be  made  on  drillings  taken  from  a  small  test 
ingot. 

Weight  (7)  Unless  otherwise  specified,  the  section  of  rail  shall  be  the 

American  Standard,  recommended  by  the  American  Society  of 
Civil  Engineers,  and  shall  conform,  as  accurately  as  possible,  to  the 
templet  furnished  by  the  railroad  company,  consistent  with  para- 
graph (8)  relative  to  specified  weight.  A  variation  in  height  of 
one-sixty-fourth  (b^t)  of  an  inch  less,  or  one  thirty-second  (-jV) 
of  an  inch  greater  than  the  specified  height,  and  one-sixteenth 
(iV)  inch  in  width  will  be  permitted. 

(8)  The  weight  of  the  rails  will  be  maintained  as  nearly  as 
possible,  after  complying  with  paragraph  (7)  to  that  specified 
in  contract.  A  variation  of  one-half  (^)  of  one  per  cent,  for  an 
entire  order  will  be  allowed.  Rails  shall  be  accepted  and  paid 
for  according  to  actual  weights. 

Length.  (9)  The  Standard  length  of  rails  shall  be  thirty-three  (33)  feet. 

Ten  per  cent,  of  the  entire  order  will  be  accepted  in  shorter  lengths, 
var}'ing  by  even  feet  to  twenty-seven  (27)  feet,  and  all  No.  i  rails 
less  than  33  feet  shall  be  painted  green  on  the  end.  A  variation 
of  one-fourth  of  an  inch  in  length  from  that  specified  will  be 
allowed. 

(10)  Circular  holes  for  splice  bars  shall  be  drilled  in  accord- 
ance with  the  specifications  of  the  purchaser.  The  holes  shall 
accurately  conform  to  the  drawing  and  dimensions  furnished 
in  every  respect,  and  must  be  free  from  burrs. 

Finish.  (u)  Straightening. — Care  must  be  taken  in  hot-straightening 

the  rails,  and  it  must  result  in  their  being  left  in  such  a  condition 
that  they  shall  not  vary  throughout  their  entire  length  more  than 
5  inches  from  a  straight  line  in  any  direction,  when  delivered  to 
the  cold-straightening  presses.  Those  which  vary  beyond  that 
amount,  or  have  short  kinks,  shall  be  classed  as  second-quality 
rails  and  be  so   stamped. 

The  distance  between  supports  of  rails  in  the  gagging  press 
shall  be  not  less  than  42  inches. 

Rails  shall  be  straight  in  line  and  surface  when  finished — the 
straightening  being  done  while  cold — smooth  on  head,  sawed 
square  at  ends,  variation  to  be  not  more  than  t2  inch,  and,  prior 
to  shipment,  shall  have  the  burr  occasioned  by  the  saw  cutting 
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removed,  and  the  ends  made  clean.  No.  i  rails  shall  be  free  from 
injurious  defects  and  flaws  of  all  kinds. 

(12)  The  name  of  the  maker,  the  weight  of  rail  and  the  month  Branding, 
and  year  of  manufacture  shall  be  rolled  in  raised  letters  on  the  side 

of  the  web,  and  the  number  of.  blow  shall  be  plainly  stamped  on 
each  rail  where  it  will  not  subsequently  be  covered  by  the  sphcebars. 

(13)  The  inspector  representing  the  purchaser  shall  have  free  inspection, 
entry  to  the  works  of  the  manufacturer  at  all  times  when  the  con- 
tract is  being  filled,  and  shall  have  all  reasonable  facihties  afforded 

him  by  the  manufacturer  to  satisfy  him  that  the  finished  material  is 
furnished  in  accordance  with  the  terms  of  these  specifications. 
All  tests  and  inspections  shall  be  made  at  the  place  of  manufacture 
prior  to  shipment. 

(14)  No.  2  rails  will  be  accepted  up  to  ten  (10)  per  cent,  of  the  No.  a  Rails, 
whole  order.     Rails  that  possess  any  injurious  defects,  or  which 

for  any  other  cause  are  not  suitable  for  the  first  quahty,  or  No.  i 
rails,  shall  be  considered  as  No.  2  rails;  provided,  however,  that 
rails  which  contain  any  physical  defects  which  impair  their 
strength  shall  be  rejected.  The  ends  of  all  No  2  rails  shall  be 
painted  white  in  order  to  distinguish  them. 


ON  R.\IL  STEEL  AS  AIANUFACTURED  BY  THE  CON- 
TINUOUS   OPEN-HEARTH    PROCESS. 

By  Benjamin  Talbot. 

As  we  have  been  rolling  for  some  little  time  past  heavy  flat 
bottomed  rails  from  steel  made  from  phosphoric  Cleveland  pig  iron 
by  the  continuous  open-hearth  process  with  which  my  name  is 
connected,  at  one  of  our  English  works,  I  have  been  asked  by 
Mr.  Webster  to  submit  a  short  paper  dealing  wdth  the  results 
obtained  from  such  steel.  We  have  not,  of  course,  been  able  to 
submit  any  results  relating  to  the  life  of  the  rails  in  actual  service, 
owing  to  the  short  time  that  we  have  been  manufacturing  them, 
but  I  have  obtained  from  the  official  of  the  works  details  of  some 
specially  severe  tests  some  of  these  rails  were  subjected  to,  together 
with  the  ordinary  mechanical  and  chemical  tests  of  these  charges, 
which  will  enable  one  to  judge  of  the  xery  tough  nature  of  the  steel 
obtained. 

The  continuous  process  is  really  only  a  modification  of  the 
open-hearth  system  of  steel  making,  and  the  product  obtained  is 
absolutely  open-hearth  steel,  so  that  we  are  not  dealing  with  any 
untried  product.  From  a  metallurgical  point  of  view  the  use  of 
this  process  offers  several  advantages  over  the  ordinary  open-hearth 
process,  which  it  is  not  here  necessary  to  enter  into.  It  will  suffice 
to  say  that  the  essential  advantages  which  the  process  offers  are  the 
production  of  ver}-  large  outputs  from  a  given  unit  of  plant,  coupled 
with  a  ver}'  high  yield  of  steel  ingots  from  a  given  weight  of  pig  iron, 
as  compared  with  ordinary  open-hearth  practice. 

Steel  rails  have  been  made  by  the  continuous  process  both 
from  molten  pig  iron  and  also  from  Bessemerized  metal  fed  into  the 
steel  furnace.  In  the  latter  case  it  is  purely  a  question  of  the  cost 
of  Bessemerizing  and  small  basic  additions,  as  against  the  cost  of  a 
large  quantity  of  oxidizing  material  othen\'ise  required  to  convert 
the  crude  molten  metal.  Manifestly  a  200-ton  continuous  steel 
furnace  when  fed  with  blown  metal  from  the  Bessemer  converter 
will  produce  a  very  large  output  of  ingots,  probably  some  3,000 
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tons  per  week  or  more.  In  either  case  the  steel  rail  made  is  equally 
good,  as  a  high  carbon,  low  phosphorus  product  is  obtained,  and 
under  such  conditions  four  or  five  of  these  furnaces  would  keep  an 
American  steel  rail  mill  busy. 

The  rails,  of  which  details  are  given  in  Fig.  i,*  were  made  from 
high  phosphorus  pig  iron  (about  2  per  cent.)  far  more  difficult  to 
treat  than  the  majority  of  American  pig  irons.  If  we  had  to  treat 
a  pig  iron  similar  to  that  used  in  the  acid  Bessemer  in  America,  con- 
taining about  0.1  per  cent,  phosphorus  we  should,  without  taking 
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any  pains  to  do  so,  lower  this  phosphorus  to  about  0.03  per  cent,  or 
thereabouts,  which  is  obviously  an  excellent  material  for  rail  pur- 
poses, as  the  carbon  can  be  varied  at  pleasure ;  that  is,  it  is  practi- 
cally as  easy  to  make  .7  to  .8  per  cent,  carbon  steel  as  it  is  to  make 


*  Acknowledgment  is  made  to  the  Railway  and  Engineering  Review 
for  the  cuts  used  in  this  paper. 
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.3  to  .4  per  cent,  carbon  sled.  It  is  found  also  from  practical 
experience  that  the  steel  from  the  continuous  bath  is  somewhat  less 
oxidized  than  steel  from  the  ordinary  open-hearth  furnace;  this  is 
pro\'en  by  the  fact  that  a  given  weight  of  ferro-manganese  will 
increase  the  manganese  in  the  steel  rather  more  in  the  case  of  the 
Talbot  steel  than  it  will  in  ordinary  open-hearth  steel,  for  which 
reason  in  practice  we  add  rather  less  ferro  than  is  required  in  other 
open-hearth  furnace  practice. 

The  treacherous  nature  of  steel  high  in  carbon  manganese  and 
phosphorus  is  too  well  known  to  need  dwelling  upon,  and  any 
increase  in  the  carbon  accentuates  this  danger.  A  point,  however, 
which  has  not  been  so  much  dwelt  upon  is  whether  high  carbon 
steel,  even  though  low  in  phosphorus  is  not  in  some  cases  dangerous 
due  to  the  fact  that  segregation  will  take  place,  sometimes  to  a  very 
marked  amount. 

The  statement  has  recently  appeared  in  print  that  the  Pennsyl- 
vania Railroad  Company  has  specified  that  the  open  hearth  rails 
which  they  propose  to  call  for  in  future  must  have  0.8  to  0.9  per 
cent,  carbon,  for  90  to  100  pound  rails  with  0.03  per  cent,  phos- 
phorus. Undoubtedly  this  steel  should  form  a  ver}'  excellent  mate- 
rial for  rail  purposes,  if  it  could  be  guaranteed  that  no  segregation 
of  the  carbon  would  take  place,  whereby  one  part  of  the  rail  might 
become  still  higher  in  carbon,  and  so  cause  the  material  to  become 
more  brittle.  It  will  be  of  interest  to  learn  how  such  higher  carbon 
rails  behave  in  practice,  and  especially  how  they  stand  shock  under 
low  temperatures.  Possibly  rails  with  0.75  carbon,  0.03  per  cent, 
phosphorus,  and  manganese  not  above  0.7  per  cent.,  will  give  the 
best  results. 

Quality  of  Material. 

We  could  not  fill  the  requirements  demanded  by  to-day's 
specifications  with  Bessemer  steel  made  from  such  raw  material 
as  is  available  generally  in  the  United  States. 

We  append  a  schedule  of  tests  giving  the  mechanical  results 
also  the  analyses  of  the  steel  and  molten  pig  from  which  such  test 
was  made.  This  steel  is  basic  open-hearth  made  by  the  Talbot 
continuous  process.  From  these  figures  it  will  be  seen  that  these 
rails  were  subjected  to  a  much  more  severe  mechanical  test  than  is 
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ordinarily  called  for  by  engineers.     One  ton  dropped  once  on  to  the 
head  after  the  rail  is  placed  on  supports  3  feet  6  in.  center  to  center 
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is  what  is  asked  for.  With  regard  to  the  drop  tests  in  the  above 
schedule;  the  first  drop  is  ^\-ith  the  head  up;  the  rail  is  then 
reversed,  and  in  each  case  came  practically  straight  upon  reversal. 


52  Talbot  on  Open-Hearth  Rails. 

Increased  Wheel  Loads. 

This  can  only  be  met  by  the  introduction  of  a  stronger  and 
heavier  rail.  The  tendency  in  designing  tec  rails  in  the  past  has 
all  been  in  the  direction  of  big  heads,  thin  webs  and  flanges 
together  with  increased  height.  In  the  manufacture  of  such  a  rail 
it  is  almost  impossible  to  avoid  internal  strains,  set  up  in  coohng 
on  the  hot  bank.  The  duty  of  the  rail  designer  is  to  design  a  rail 
which  will  cool  straight  when  laid  on  the  hot  bank  without  camber- 
ing. This  is  only  practically  possible  with  a  double  headed  rail 
(a  rail  with  both  heads  of  equal  areas).  In  designing  a  flat  bottom 
rail  this  condition  should  be  approached  as  near  as  possible.  Fig. 
I  shows  a  set  of  sections.  No.  i  being  a  fairly  representative 
loo-pound  rail.  No.  6  is  a  suggested  section  with  head  and  flange 
of  equal  area.  This  would  be  as  near  as  it  would  be  possible  to 
approach  the  perfect  design  with  tee  rails,  though  a  reduction  in 
height  might  improve  it.  Nos.  2  to  5  are  intermediate  steps  or 
compromises  between  what  we  are  actually  rolling  and  what  we 
would  suggest  is  the  best  section.  How  far  would  the  railway 
engineer  be  prepared  to  go  in  this  direction  ? 

If  the  matter  is  carefully  gone  into,  it  will  be  demonstrated 
beyond  any  doubt  that  section  No.  6  is  a  much  stronger  rail  than  is 
accounted  for  simply  by  the  increase  of  weight,  because  with  rail 
No.  I  great  strains  are  already  existing  before  any  load  is  put  on. 
Another  beneficial  direction  to  go  in  is  the  increase  in  the  radii  of 
the  fillets  which  join  web  to  flange  and  head  respectively, 

Method  of  Rolllng. 

In  the  formation  of  the  grooves  in  the  rolls  much  damage  can 
be  and  often  is  done  to  the  steel.  With  the  object  of  increasing  the 
product  of  a  given  mill  the  ingot  is  roUed  off  at  one  heat,  with  hea\7 
reductions  in  each  pass  so  as  to  reduce  the  number  of  passes  and 
consequently  the  time  taken  in  roUing.  Our  practice  is  to  take 
large  ingots  and  have  a  furnace  between  the  cogging  and  finishing 
mills  which  has  the  effect  of  acting  as  an  equalizer  so  that  the 
blooms  are  delivered  to  the  finishing  mill  at  an  even  temperature 
right  through,  making  the  bar  more  easily  shaped  and  the  flange  of 
the  rail  is  sent  out  of  the  finishing  groove  at  a  temperature  nearer  to 
that  of  the  head  than  has  hitherto  been  possible.     This  does,  no 
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doubt,  lessen  the  strains  set  up  in  cooling  on  the  hot  banks.  Our 
practice  is  to  increase  the  number  of  passes,  decrease  the  amount 
of  reduction  per  pass,  and  get  the  product  by  increased  speed  of  the 
rolls  and  not  by  digging  into  and  tearing  the  metal  as  is  done  in  the 
case  where  too  few  passes  and  hea\7  drafts  are  adopted. 

With  regard  to  rolling  temperature,  we  may  say  we  roll  a  loc- 
pound  rail  in  lengths  which  give,  after  crops  are  cut  off,  three 
lengths  of  10  metres.  The  first  length  is  cut  within  1 5  to  20  seconds 
after  leaving  the  finishing  groove  of  the  mill  and  on  this  we  allo^\■ 
7I  in.  shrinkage.  The  next  length  is  cut  within  35  to  50  seconds 
from  leaving  groove,  and  here  7 J  in.  is  allowed.  The  third  is 
within  60  to  80  seconds  and  7  in,  is  allowed  for  shrinkage.  Of 
course  these  allowances  only  apply  to  100- pound  rails,  less  allow- 
ance is  made  in  lighter  rails. 

An  interesting  experiment  may  be  tried  n  a  tee  rail,  which 
has  been  finished  and  straightened.  Take  6  or  8  feet  of  rail  and 
place  it  on  a  planing  machine  and  cut  the  head  off  the  web  at  point 
where  the  web  joins  the  head  and  both  the  head  and  bottom  portion 
will  spring  out  of  a  straight  line  sometimes  to  a  very  marked  extent, 
thus  showing  that  great  internal  strains  are  there.  This  is  a  con- 
dition that  cannot  be  avoided  by  the  manufacturer  without  some 
help  from  the  rail  designer. 

As  rails  increase  in  weight  the  ingot  from  which  they  are  rolled 
must  also  increase  in  size  if  sufficient  work  is  put  upon  the  rail. 
If  high  phosphorus  has  been  permitted  for  smaller  ingots  rolled  into 
lighter  rails,  the  same  average  phosphorus  should  not  be  permitted 
in  the  larger  ingot  as  greater  segregation  will  occur. 

[For  Discussion  of  this  paper,  see  page  87.] 


MECHANICAL  EXPERIENCES  WITH  LIMBER  AND 
STIFF  RAIL  SECTIONS. 

By  p.  H.  Dudley. 

I  made  a  brief  comparison  of  the  mechanical  properties  of 
difiFerent  sections  in  a  preceding  paper  (Vol.  V,  p.  165),  indicating 
that  the  stiffer  rail  sections  could  and  would  carr)'  larger  bending 
moments  in  distributing  the  wheel  loads  and  generated  wheel 
effects  of  the  passing  locomotives  and  cars,  to  the  cross-ties,  ballast 
and  road  bed,  than  the  weaker  sections  they  replaced.  The  early 
limber  steel  rail  sections  of  3! ,  4,  4J,  and  even  those  of  4^  inches 
in  height,  50  to  65  lbs.  per  yard,  distributed  only  a  small  percentage 
of  the  wheel  effects  to  the  wheel  spacing,  owing  to  their  inadequate 
mechanical  properties  of  stiffness  and  strength.  The  major  por- 
tion of  the  wheel  loads  was  concentrated  in  passing  upon  each  cross- 
tie,  which  was  cut  rapidly  in  the  rail  seats,  and  disturbed  the 
ballast  and  road  bed.  Rail  sections  when  well  fished  act  as  con- 
tinuous girders  in  the  track  and  their  efficiency  increases  with 
their  mechanical  properties  in  supporting  the  moving  locomotives 
and  cars.  They  receive  their  loads  for  distribution  only  through 
the  wheel  contacts  of  the  wheel  bases  and  their  spacing  Hmits  the 
spans  of  the  bending  rails  under  the  wheels,  rather  than  that  of  the 
cross-ties. 

The  average  generated  kinetic  effects  of  the  rolling  wheels  on 
the  limber-rails,  doubled  or  trebled  their  static  loads,  and  this 
enhanced  the  destructive  work  upon  the  track,  augmented  the 
train  resistance,  and  cost  of  maintenance  of  motive  power,  rolling 
stock,  and  track.  The  static  wheel  loads  of  the  locomotives  and 
cars  did  not  increase  sensibly  over  those  developed  upon  the  iron 
rails,  owing  to  the  inability  to  maintain  the  tracks  as  smooth  as 
desired  even  under  the  weights  as  then  constructed. 

The  design  of  sections  to  carrj'  the  locomotive  and  car  wheels 
^  to  i^  inches  higher  above  the  cross-ties  than  the  limber  rails, 
by  the  use  of  only  25  to  50  per  cent,  more  metal  distributed  to  insure 
greater  mechanical  properties,  for  stiffer,  stronger  and  smoother 
tracks,  has  enabled  the  wheel  loads  and  expended  tractive  effort 
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of  the  locomotives  to  more  than  double,  upon  the  same  road  beds, 
in  the  past  two  decades.  The  first  100-ton  passenger  locomotive 
did  not  go  into  service  until  1890,  six  years  after  the  first  5-inch 
steel  80-lb.  rails  were  laid  in  1884.  The  strap  iron  rails  in  the 
thirties  of  1800  were  able  to  estabhsh  locomotion  for  hght  wheel 
loads  only  and  failed  when  they  reached  two  and  three  tons, 
owing  to  the  generated  wheel  effects  in  rolling  over  the  irregular 
surfaces  of  the  rails  and  undulations  of  the  track.  The  iron  tee 
sections  failed  in  the  fifties  and  sixties,  when  the  w^heel  loads  had 
developed  to  10,000  and  12,000  lbs.  and  the  speeds  to  30  or  40 
miles  per  hour. 

The  physical  properties  of  the  metal  were  inadequate  with 
its  1 1  to  2  per  cent,  of  included  slag  and  imperfect  welding  of 
the  bars  composing  the  pile,  to  prevent  crushing  and  laminating  in 
the  bearing  surface  under  the  rolling  wheel  loads.  The  utmost 
care  in  manufacture,  either  in  England,  Wales,  or  this  country, 
could  not  make  iron  rails  which  would  long  endure  heavy  traffic. 
It  was  not  carelessness,  incompetence,  nor  dishonesty  of  the  iron 
masters,  as  often  alleged,  but  the  fact  that  the  work  required  of  the 
metal  exceeded  its  physical  properties,  and  fatigue,  failure,  and 
fracture  were  the  inevitable  consequences  after  short  service. 

The  operations  of  the  railroads  due  to  the  commercial  de- 
mands and  development  of  transportation  in  thirty  years  after 
their  inception,  outgrew  the  physical  properties  to  be  obtained  in 
iron  rail  sections  as  a  metallurgical  product  in  forms  of  value  as 
engineering  structures.  The  iron  sections  designed  for  larger 
mechanical  properties  as  girders,  for  better  track  and  smoother 
running  of  the  locomotives  and  cars,  from  the  larger  bending 
moments  carried  and  distributed  with  consequently  greater  intensity 
of  the  wheel  contact  pressures  in  the  bearing  surface,  failed  with 
greater  rapidity  than  the  former  lower  and  weaker  sections,  under 
the  same  service.  The  heads  of  the  tee  rails  were  then  made  pear 
shaped  to  prevent  breaking  down  under  the  wheel  loads,  but  this 
did  not  check  it.  These  were  similar  effects  to  those  now  expe- 
rienced with  piped  and  split  rails  under  the  heavy  wheel  loads. 
The  causes  of  the  failure  of  the  metal,  either  in  the  iron  or  the  steel 
rails,  were  due  to  inadequate  physical  properties  in  either  case, 
though  in  the  latter  due  more  to  the  association  of  impurities,  then 
Bessemer  steel,  when  made  from  sound  and  solid  ingots. 
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The  failure  of  the  iron  rails  to  sustain  the  wheel  loads  in 
the  bearing  surface  and  their  fracture  as  girders  in  distributing 
the  loads  to  the  cross-ties,  was  a  subject  of  earnest  solicitation  to 
the  railroad  officials  to  find  a  substitute,  and  the  Bessemer  steel 
rails,  fabricated  from  cast  metal,  were  welcomed  and  extensively 
used.  Their  cost  for  many  years  limxited  them  to  light  and  flexible 
sections,  which  permitted  a  deep  general  depression  under  the 
moving  wheel  bases  of  the  motive  power  and  equipment,  with 
decided  specific  deflections  under  the  wheels  and  restricted  increase 
of  loads  and  development  of  the  locomotives  and  cars  as  required 
for  progress  in  transportation.  The  flexible  rails  carried  and  dis- 
tributed only  small  bending  moments,  the  intensities  of  the  wheel 
contact  pressures  per  square  inch  were  also  small,  and  moderate 
physical  properties  in  the  steel  were  ample  for  the  service  and 
rendered  a  slow  rate  of  w^ar.  The  positive  bending  moments 
under  the  wheels  did  not  reach  200,000  inch-pounds  over  10  or  12 
times  daily,  while  the  estimated  intensiiies  of  the  pressure  per 
square  inch  in  the  bearing  surface  were  under  80,000  lbs.  from 
measuremeats  of  static  loads. 

To  raise  the  bearing  surface  of  the  rails  above  the  cross-ties 
J  to  i^  inches  higher  than  the  hmber  sections,  in  the  trackmen's 
surface,  may  seem  small  in  the  sense  of  dimensions,  but  when  util- 
ized in  the  design  of  sections  of  rails,  with  corresponding  propor- 
tions of  metal,  the  mechanical  properties  secured  to  carr^'  and 
distribute  heavier  wheel  loads  increased  their  capacity  50,  100  to 
200  per  cent,  in  the  different  sections.  The  wheel  loads  and  trains 
which  have  been  developed  and  are  running  upon  the  stiffer  rails 
have  revolutionized  transportation,  so  far  as  the  capacities  of  the 
railroads  are  concerned.  The  gain  due  to  the  enhanced  mechani- 
cal properties  in  the  sections,  saving  destructive  work  to  the  cross- 
ties  and  road  bed,  can  be  secured  only  by  a  greater  intensity  of 
pressure  under  the  wheel  contacts,  and  increased  work  of  the 
sections  as  girders  to  distribute  their  loads,  for  which  proper 
provision  must  be  made  in  the  physical  properties  and  soundness  0} 
the  metal  used. 

The  positive  bending  moments  in  the  stiffer  sections  are  60 
to  100  times  daily  over  600,000  inch-pounds,  in  some  loo-lb.  rails, 
under  the  heavier  wheel  loads  and  high-speed  trains.  The  per- 
centage of  the  wheel  loads  distributed  to  the  wheel  spacing  is 
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greater  and  the  total  bending  moment  produced  by  the  wheel 
effects  augments  the  wheel  contact  intensities  two  or  three  times 
their  former  amounts,  in  the  light  sections. 

The  depression  of  the  stiffer  rails  from  the  trackmen's  surface 
is  from  |  to  f  of  an  inch,  compared  to  f  to  i  inch  under  the  former 
light  and  limber  rails ;  the  maximum  deflections  in  either  case  occur 
at  or  near  the  joints.  The  increased  stiffness  and  strength  of 
the  sections — mechanical  properties  by  design — render  the  track 
smoother,  with  firmer  joints  and  less  undulations,  even  when  carry- 
ing the  larger  bending  moments  of  the  doubled  and  trebled  wheel 
loads. 

The  percentage  of  generated  destructive  wheel  effects  on  the 
limber  rails  has  been  reduced  more  than  one-half  by  the  stiffer  and 
smoother  rails,  which  has  enabled  the  static  and  paying  loads  to  be 
augmented  in  a  greater  ratio.  The  former  20,000  pound  capacity 
freight  cars  have  been  replaced  by  those  of  60,000,  80,000  and 
100,000  pound,  the  60,000  pound  being  the  light  car  of  to-day, 
while  the  100,000  pound  is  the  standard  for  mineral  traffic.  The 
freight  train  load  has  increased  from  500  and  600  tons,  to  3,000  and 
4,000  tons,  and  the  volume  of  traffic  in  Hke  ratio.  The  axle  loads 
under  freight  locomotives  have  risen  from  25,000  to  50,000  pounds, 
with  four  pairs  coupled  instead  of  two,  and  in  the  passenger  service 
55,000  to  57,500  pounds  are  common  for  recent  locomotives,  which 
attain  speeds  of  80  miles  per  hour  daily  to  maintain  their  schedules 
of  54  miles  per  hour  including  stops.  New  York  and  Chicago,  960 
miles  apart  in  distance,  reduces  to  18  hours  by  train,  on  stiff  rails. 

The  expended  tractive  effort  has  increased  from  500  to  1,200 
or  more  horse  power,  a  decided  factor  in  augmenting  the  wheel 
contact  pressures,  bending  moments,  and  consequent  stresses  in  the 
rails  as  girders.  The  steel  bridges  installed  with  the  Hmber  rails  for 
an  expected  life  of  a  century^,  have  been  replaced  by  those  of  more 
than  double  capacity  for  wheel  and  train  loads,  to  reahze  the  benefits 
of  the  stiff  rails  to  handle  the  unexpected  development  of  traffic. 

The  experience  with  the  early  limber  rails  was  that  the 
quality  for  the  hght  wheel  loads  was  satisfactory,  but  their  de- 
ficiencies were  the  small  mechanical  properties  for  the  increasing 
wheel  loads.  Endurance  shafts  have  been  made  from  a  number  of 
those  early  rails  which  rendered  12  to  15  years  service,  and  at  35,000 
and  40,000  lbs.  unit  fiber  stress  they  have  sustained  only  from 
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600,000  to  3,000,000  rotations,  excepting  a  single  brand  of  steel  in 
which  the  elastic  limits  were  from  52,000  to  56,000  lbs.  The 
ingots  drawn  into  blooms  under  steam  hammers,  their  unoxidized 
blow  holes  were  welded  and  formed  solid  steel,  as  a  rule,  for  sub- 
sequent rolhng  into  rails.  This  important  fact,  with  the  limited 
work  required  of  the  metal  to  carry  and  sustain  the  light  wheel 
loads,  has  misled  many  railroad  officials  and  investigators  as  to 
the  essential  physical  properties  in  sound  steel  which  are  required 
in  combination  with  large  mechanical  properties  in  sections,  for 
wear  and  as  girders  to  sustain  and  carry  the  present  wheel  loads 
and  high  speed  trains. 

The  distances  between  the  producer  and  consumer  in  this 
country  are  so  vast  that  over  30,000,000  tons  of  steel  rails  are 
required  in  the  220,000  miles  of  main  tracks,  nearly  ten  times  the 
amount  in  Great  Britain,  and  our  steel  plants  must  be  commen- 
surate in  size  and  scope,  and  run  at  full  capacity,  for  the  3,000,000 
or  more  tons  of  yearly  output  demanded.  The  mills  have  been 
remodeled,  then  rebuilt  from  time  to  time,  as  conditions  of  manu- 
facture changed,  for  greater  output  and  the  unit  of  production  per 
unit  of  time  for  the  limber  sections  has  been  multiplied  several 
times  for  the  stiffer  and  heavier  sections. 

It  is  legitimate  and  proper  to  save  all  time  possible  between 
each  distinct  step  in  the  process  of  manufacture  or  the  performance 
of  mechanical  work.  Rapidity  does  not  deteriorate  quality  imtil 
the  essential  time  for  a  step  in  the  process  is  unduly  reduced,  then 
enlargement  of  the  plant  for  that  process  is  required  for  combined 
quantity  and  quahty.  The  Bessemer  departments  have  not  been 
enlarged  proportionately  to  the  other  parts  of  the  mill,  but  the 
converters  have  been  driven  faster,  and  after  recarburizing  the 
blown  metal,  the  time  for  complete  chemical  reactions  and  escape 
of  the  slag  has  been  reduced  unconsciously  before  teeming  of  the 
ingots  commenced.  The  reactions  but  partially  complete  them- 
selves in  the  setting  steel  of  the  ingot,  the  slag,  oxides,  and  gases 
are  often  entrained  instead  of  eliminated. 

The  minute  globules  or  particles  of  slag  from  the  reactions 
caught  in  the  columnar  structure,  also  in  the  secondary  zone  of 
blow  holes,  with  or  without  associated  oxides,  are  important 
factors  in  the  checking  of  the  tender  skin  of  the  ingots  in  blooming, 
and  the  subsequent  tearing  of  the  flanges  as  their  extreme  edges 
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must  slip  in  the  passes  of  the  rolls.  The  percentage  of  second 
quality  and  condemned  rails  is  increased  by  these  conditions. 
The  slag  and  occluded  gases  in  connection  with  segregated  metal 
are  important  factors  in  split  heads  of  rails,  which  develop  between 
the  ends  after  a  short  or  long  period  of  service,  depending  upon 
the  thickness  of  the  metal  in  the  bearing  surface,  over  the  entrained 
slag  and  occluded  gases. 

The  paper  already  mentioned,  Volume  V,  p.  168,  stated: 

"  The  splitting  of  the  head  in  the  earlier  rails  was  in  nearly  all  cases 
traced  directly  to  a  pipe  in  the  ingot.  These  conditions  still  exist,  yet 
there  are  numerous  instances  in  which  the  pipe  did  not  develop  in 
cooling,  but  does  in  service,  in  unsound  metal  for  the  central  core  of  the 
steel  as  indicated  in  Figs,  i  and  2.  Pieces  break  from  the  side  of  the 
head,  in  steel  where  so  decided  liquation  has  occurred  in  the  ingot  as  to 
make  two  or  more  grades  of  steel  in  the  head." 

Continued  examinations  of  numerous  fractures  of  split  heads, 
designated  by  the  trackmen  as  "  pipes, "  but  which  did  not  develop 
in  cooling  of  the  metal  at  the  mill,  but  after  short  or  long  periods  of 
service  in  the  track,  show  that  this  type  is  the  most  frequent  in  the 
rapid  increase  of  failures  from  so-called  "piped  rails"  of  recent 
manufacture.  The  shrinkage  of  the  metal  in  cooling  at  best  is 
only  a  minor  factor  as  a  contributing  cause,  neither  are  the  spht 
heads  confined  to  the  top  rails  from  the  ingots,  but  have  been  found 
in  less  numbers  from  all  the  rails  of  the  ingot,  where  they  have  been 
lettered  or  numbered  for  subsequent  identification. 

A  rolling  of  10,000  tons  of  September,  19C0,  in  the  A.  S. 
C.  E.  80-lb.  section,  by  July  i,  1906,  9.61  per  cent,  of  the  rails  had 
been  removed  from  the  track  for  split  heads.  Subsequent  rollings 
per  year  are  showing  spht  heads,  though  the  percentage  of  removed 
rails  is  not  yet  as  high,  of  the  same  brand.  A  rolling  of  3,000  tons 
in  September,  1903,  from  another  miU,  over  one-fourth  of  the  rails 
were  removed  in  1904,  of  which  a  large  percentage  are  bad  spHt 
heads,  in  connection  with  otherwise  decidedly  unsound  metal. 

Rails  were  taken  from  the  track  which  indicated  a  split  head 
had  started  to  develop,  and  slag  was  found  as  a  series  of  minute 
flattened  longitudinal  threads  in  the  thin  layer  of  metal  in  the 
bearing  surface  over  the  developed  vertical  check  in  the  metal 
underneath,  as  illustrated  in  Fig.  i.*    The  slag  located  so  near 

♦Acknowledgment  is  made  to  the  Iron  Age  for  some  of  the  cuts 
used  in  this  paper. 
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the  bearing  surface  is  crushed  by  the  constant  rolling  loads  at  what 
becomes  subsequently  the  cusp  of  the  curve  of  the  upper  detached 
metal  from  that  underneath,  and  by  repeated  rolling  loads  shears 
and  expands  transversely,  retaining  each  increment  beyond  its 
elastic  hmit,  spHtting  the  segregated  metal  of  the  head  underneath. 
Were  we  to  request  our  mechanical  engineers  to  supply  mechanism 
to  spHt  the  rail  heads  they  would  be  unable  to  furnish  in  so  few 
parts  acccumulators  of  such  destructive  forces. 


Fig.  I. — This  shows  thelaminse  of  metal  in  the  bearing  surface, 
with  slag  inclusions  which  crushed  under  the  wheel  loads. 
The  cusp  formed  at  the  point  of  weakest  resistance,  a  slag 
inclusion  of  larger  dimensions — then  by  shearing,  the  checks 
develop  upward  and  tranversely  under  the  rolling  loads, 
separating  and  expanding  the  upper  layer  of  metal  in  the 
bearing  surface  from  the  core  of  more  or  less  fragile  segre- 
gated metal  tinderneath,  thus  starting  the  vertical  check. 


The  illustration  in  Fig.  2  shows  the  segregated  metal  in  the 
bearing  surfaces  as  expanded  sufficiently  to  complete  the  check 
from  the  upper  to  the  lower  portion  of  the  head.  The  cusp  point 
by  the  expanding  of  the  metal  sidewise  is  now  located  shghtly 
beyond  the  first  check.  The  under  side  of  the  expanded  metal 
shows 'the  shearing  and  stretching  from  the  repetitions  of  the 
numerous  wheel  loads  in  passing  over  the  rail. 

The  composition  of  steel  rails  shown  in  Figs.  3  and  4  is  carbon 
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0.55  to  0.60,  manganese  i.oo  to  1.20,  silicon  o.io  to  0.15,  phos- 
phorus not  to  exceed  0.06  and  sulphur  not  to  exceed  0.07.  The 
copper,  which  was  not  specified,  averaged  in  those  rails  0.7  to  0.8. 
The  iron  was  remelted  in  cupolas,  and  the  temperature  of  the  heat 
in  the  converter  regulated  by  1,800  to  2,000  lbs.  of  scrap,  charged 
before  the  receipt  of  the  molten  iron.  The  bath  was  recarburized 
in  the  converter  and  the  metal  poled  in  the  ladle  by  thrusting  in  -a 
green  wood  pole.  It  was  i  or  2  minutes  before  teeming  of  the 
ingots  commenced,  the  ladle  nozzle  was  i|  in.  in  diameter,  and 
6  or  7  minutes  consumed  in  pouring  the  lo-ton  heat  in  five  ingots, 


Fig.  2. — Shows  the  vertical  check  developed  until  the  head 
is  split.  The  layer  of  metal  in  the  bearing  siarface  unchecked 
vertically  at  either  a  or  b,  the  split  widens,  as  it  expands 
transversely — for  the  metal  tindemeath  becomes  the  anvil 
for  the  endless  succession  of  blows  delivered  by  the  rolling 
wheels — until  the  total  is  reached  and  the  piece  detached. 

15x15  inches  square  on  the  base  and  of  sufficient  length  for  three 
30-foot  rails.  The  ingots  were  charged  into  horizontal  furnaces, 
rolled  direct  in  15  passes,  3^  minutes  from  first  blooming  to  the 
finishing  pass.  The  hot  rails  were  sawed  |  inch  longer  than  for 
present  practice,  and  spaced  six  inches  apart  on  the  hot  beds,  and 
turned  after  recalescence  of  the  head. 

Five  hundred  thousand  tons  of  rails  of  that  character  were 
made,  with  the  exception  that  for  the  loo-lb.  sections  the  carbon 
was  raised  5  to  10  points  and  the  manganese  about  10  points 


62 


Dudley  on  Limber  and  Stiff  Rail  Sections. 


Dudley  on  Limber  and  Stiff  Rail  Sections. 


63 


fr,     13 

4)     S 

O     cj 

in 

.— '     0) 

-^ 
00  ^ 


n3  a>  cij 

a;  g  rt 

+2  y::  +^ 

^  H  ^ 

CO  2  D 

.S  -^  -S 

h  '^  r^ 

(U  o  ^ 


00        m      rC 

^  -s  ^ 


^-    rt    C 


^^ 

U3 

rt 

0 

bD 

T3 

.C 

<u 

oj 

^H 

■t-> 

CI 

rt 

3 

rC 

« 

C 

jn 

e 

'i 

0 

.ji; 

M-l 

0 

o  H 


oi 

lO 

QJ 

H 

bi) 

_N 

s 

U3 

r^ 

0) 

3 

0 

w 

fe 

i-t 

1 

>, 

^' 

4 

(-1 

oi 

• 

3 

m 

a;    ci3    (u 

J-     1-1     r| 

-M     C 

CJ     (D     S3 

rt    0  •- 

4l    (U  ^ 

J3    rt 

«M    +J     D 

0            «-. 

-,   "^-1    +^ 

0)     0     "5 

c 

i^  rt  ^ 

+J   0 

Ui      U^      CQ 

^  S2 

^i  _^ 

bCO    0) 

<u    «  ^ 

»-<   "t^  +3 

»-    c3 

.,      TO    .-< 

1^     CL    «, 

M-l     «« 

0  ^ 

^s " 

.    oi    bZ) 

I--S 

bb 

'p. 

0     fe    ^ 

view 
the  lo 
f  the 

'0 
> 

t/: 

0 

CLM-<      ^ 

-To] 
ces  0 
part 

IX 

a 

.t 

•    3  ^ 

a 

0    w  'O 

1/3 

ptH 


Ph 


64  Dudley  on  Limber  and  Stiff  Rail  Sections. 

higher  than  for  the  8o-lb.  rails.  To  date  only  i8  specimens  are 
known  to  have  developed  what  may  be  termed  split  heads,  or 
"piped  rails,"  as  generally  understood  by  the  latter  term.  The 
rails  from  the  ingots  were  lettered  A  for  the  top  rail,  B  for  the 
second  rail,  and  C  for  the  third.  These  letters  can  be  found  in  the 
tracks,  and,  as  would  be  expected,  the  A  rails  have  a  larger  per- 
centage of  impurities  than  the  B  or  C  rails.  They  wear  faster, 
developing  more  surface  defects,  and  at  several  points  upon  the 


Fig.  6. — End  view  of  split  head,  90  lb.,  A.  S.  C.  E.,  section,  C, 
C,  C.  &  St.  L.  Ry.  Heat  No.  44,011,  rolled  August,  1905, 
laid  September,  1905,  removed  July  27,  1906. 

road,  under  heavy  traffic,  after  10  and  12  years'  service,  have 
become  practically  worn  out  for  main  line  traffic,  while  the  B 
and  C  rails  are  still  good.  I  do  not  wish  to  convey  the  impression 
that  no  more  split  heads  will  occur  in  these  rails.  As  the  bearing 
surface  becomes  worn  down  from  year  to  year,  a  number  of  heads 
will  probably  split,  from  the  causes  already  indicated. 

It  should  be   stated  in   reference   to  the  defective  rails   that 
many  times  the  minute  quantities  of  slag  in  the  bearing  surface, 
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without  a  larger  blow  hole  in  the  secondary  zone,  do  not  always 
produce  a  split  head,  but  the  surface  wearing  away  the  metal 
flows  laterally  from  the  bearing  surface,  without  splitting  the  rail 
head.  It  is  also  well  known  that  the  rail  head  composed  of  steel 
of  a  high  degree  of  porosity,  or  slag  inclusions,  the  metal  will 
flow  sidewise  to   the   outer  edge,  without   making  a  split  head. 


Fig.  7. — Side  view  of  same  rail  as  No.  6.    Segregated  metal,  but 
not   the   slightest  trace  of  a  pipe.      7  minute  threads  of  slag 
were  counted  in  the  thin  layer  of  separated  metal  of  the 
bearing  surface. 

The  rails  of  the  composition  above  mentioned,  as  girders  have 
rendered  excellent  service,  rarely  breaking  in  extreme  cold  weather. 
The  explanations  in  reference  to  Fig.  4  also  apply  to  Fig.  5, 
as  part  of  the  same  rail.  The  pieces  of  rails  in  Figs.  6  and  7  illus- 
trate spht  heads  from  the  breaking  of  a  thinner  layer  of  metal  in 
the  bearing  surface,  than  that  in  Figs.  3,  4  and  5,  the  rail  faiUng 
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after  ii  months  of  service.     The  ingots  were  teemed  with  a  3-inch 
nozzle. 

My  records  show  as  a  general  observation  that  rails  rolled  in 
August  and  September,  when  there  is  so  much  humidity  in  the  air, 
have  developed  split  heads  in  greater  numbers  than  those  rolled 
during  the  winter  season.  The  moisture  per  cubic  foot  of  air  in 
August  and  September  often  is  as  high  as  5  or  6  grains,  while  it 
may  not  be  one-half  of  that  amount  during  the  winter  weather. 

The  use  of  refrigerated  air,  in  which  the  moisture  was  reduced 
to  a  low  limit,  would  be  preferable  for  use  in  the  Bessemer  con- 
verters. Each  ton  of  metal  converted  requires  approximately  about 
0.6  of  a  ton  of  air  to  be  blown  through  it  and  with  a  large  percentage 
of  moisture  it  effects  the  physical  properties  of  the  metal  by  a 
greater  inclusion  of  gases.  The  practice  of  many  mills,  with 
direct  metal,  to  use  a  jet  of  steam  to  regulate  the  temperature  of 
the  blowing  metal  in  lieu  of  scrap,  is  decidedly  objectionable,  and 
injurious  to  the  resulting  product. 

The  piece  of  rail  represented  in  Fig.  8  was  broken  from  the 
head  of  a  piped  rail.  The  side  walls  of  the  pipe  which  had  been 
closed  in  rolling  were  oxidized  in  the  soaking  pits.  The  failure  of 
the  rail  however  was  due  to  the  spreading  of  the  metal  in  the  bear- 
ing surface  as  already  indicated.  Seams  from  inclusions  of  slag 
are  visible  on  the  under  side  of  the  head.  This  type  of  split  heads 
from  a  well-defined  pipe  was  common  in  the  early  steel  rails  in 
which  the  ingots  were  cooled  before  being  charged  into  the  furnace. 

The  percentage  of  split  heads  can  be  decreased  by  giving  the 
metal  in  the  ladle  more  time  for  the  slag,  oxides  and  gases  to  escape 
before  teeming,  than  is  usual  in  the  present  rapid  practice.  It 
needs  only  a  return  to  the  older  methods  of  allowing  more  time 
after  recarburizing  for  the  chemical  reactions,  escape  of  the  slag, 
oxides,  and  other  impurities  to  improve  the  soundness  of  the  ingots. 
The  large  ingots,  those  of  20x21  inches  or  24x27  inches  on  the 
base,  and  comparatively  short,  the  steel  can  be  made  to  set  sounder 
and  better  than  in  the  smaller  bases  and  proportionately  longer 
ingots.  The  escape  of  the  slag  must  be  in  the  ladle  before  teeming 
to  prevent  it  being  entrained  in  the  skin  of  the  ingot.  The  segrega- 
tion in  the  larger  ingots  with  the  longer  time  of  cooling  seems  to  be 
more  pronounced,  but  unless  layers  of  slag  are  found  in  the  exterior 
portions  of  the  head  of  the  rail,  split  heads  have  not  so  far  been  as 
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numerous  in  that  t}'pe  of  ingot  as  in  the  relatively  smaller  base  but 
longer  ingot.  The  number  of  seconds  and  condemned  rails  is  also 
proportionately  less. 

Figs.  8  and  9  illustrate  also  a  type  of  fracture  where  pieces  of 


Fig.  8. — Side  view,  full  size,  from  side  of  5J  inch  80  lb.  rail, 
rolled  1901,  broken  March  15,  1907.  This  was  a  piped  rail 
from  a  well-defined  cavity  in  the  ingot,  the  side  walls  oxi- 
dized in  heating.  The  piece  was  detached  by  the  spreading 
of  the  metal  in  the  bearing  surface. 

the  rail  from  8  to  20  inches  in  length  break  from  the  sides  of  the 
head.  These  are  distinct  pocket  pipes  of  gas,  slag  inclusions,  or 
minute  threads  of  entrained  slag  in  the  metal,  the  latter  are  most 
numerous,  particularly  in  the  bearing  surface  of  the  head.     The 


Fig.  9. — End  view  of  piece  broken  from  side  of  head  of  55  inch 
80  lb.  rail,  rolled  1901,  and  laid  in  tangent,  west  of  Schenec- 
tady, Track  No.  2.  Broke  March  15,  1907.  Pocket  pipe. 
This  is  the  end  of  the  longitudinal  piece  shown  in  Fig.  8. 

crushing  and  flowing  metal  imder  the  wheel  treads,  shears  or 
splits  off  the  piece,  which  then  becomes  detached  from  the  head  of 
the  rail. 

Figs.  10  and  11  illustrate  split  heads  in  which  the  layer  of 
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metal  in  the  bearing  surface  over  the  segregated  steel  is  thin,  not  to 
exceed  rs"  to  ^  of  an  inch  in  thickness.  Such  rails  fail  within  six 
months  or  a  year  after  being  placed  in  the  track,  under  heavy 
tratBc.  The  percentage  of  carbon  in  the  bearing  surface  of  the 
split  heads  is  usually  lo  to  15  points  below  the  normal  composition 
of  the  rail,  while  the  segregated  metal  in  the  interior  is  usually  15  to 
20  points  above.     The  phosphorus,  of  metal  of  about  0.06,  will 


Fig.  10. — Transverse  view  of  split  head,  No.  27,  C,  C,  C.  &  St. 
L.  Ry.,  90  lb.,  A.  S.  C.  E.  Carnegie  O.  W.,  rolled  August, 
1905,  laid  loth  of  same  month  and  removed  March  11,  1906, 
Heat  No.  48,568. 

show  from  0.07  to  0.08  in  the  segregated  metal,  while  phosphorus 
of  about  o.io  for  the  rail  in  the  segregated  metal  will  often  show 
0.12  to  0.15. 

The  pieces  of  the  rail  illustrated  by  Figs.  12,  13  and  14  are  of 
especial  interest  from  the  fact,  that  the  metal  was  of  sufficient 
soundness  and  strength  to  sustain  a  traffic  of  over  350  million  tons. 
The  rail  was  from  the  top  of  the  ingot,  and  while  it  shows  distinct 
segregation,  was   comparatively  strong,  sound  metal.     The  phos- 
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phorus  in  the  bath  was  under  0.06  though  slightly  higher  in  this 
segregated  metal.  The  carbon  ranged  from  0.60  to  0.65  and  the 
rail  was  comparatively  hard,  tough  metal.  The  chemical  analysis 
from  one  piece  of  the  rail  was; 


Fig.  1 1. — Side  view  showing  split  head  No.  27,  C,  C,  C.  &  St. 
L.  Ry.  Transverse  view  is  showTi  in  Fig.  10.  In  the  thin 
layer  of  the  metal  in  the  bearing  surface  14  threads  of  slag 
have  been  counted  in  the  thickness  of  less  than  tV  inch. 
This  view  shows  segregated  metal  with  a  trace  of  seam  ^  inch 
below  the  top  of  the  head.  The  uneven  line  of  the  separated 
metal  in  the  central  core  about  I  inch  from  the  upper  part 
of  the  bearing  surface  is  plainly  shown,  also  the  effect  of 
expanding  the  metal  of  the  bearing  surface  immediately 
above. 


No.  I.      ^-inch  under  Bearing  Surface: 

Carbon  0.586     Mn.  0.88     Si.  o.ogq     Sul.  0.033     P-  003 5 

No.  2.     Side  of  Head: 

Carbon  0.517     Mn.  0.88     Si.  0.099      Sul.  0.032      P.  0.032 

No.  3.      ^  inch  below  and  to  the  right  of  center  of  Head: 

Carbon  0.834     Mn.  0.98      Si.  0.087      Sul.  0.066      P.  0.073 
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The  carbons  by  color  lest.  The  apparent  differences  in  sul- 
phur and  phosphorus  are  marked,  and  are  under  investigation. 

The  tlow  of  the  metal  was  slow  and  required  an  enormous 
tonnage  to  start  the  rail  to  split  under  the  developed  checks  in  the 
bearing  surface.  To  detach  the  pieces  from  the  rail  after  being 
taken  from  the  track  required  many  blows  from  the  spike  maul. 
Thin  steel  wedges  were  driven  into  the  checks  from  the  end,  and 
short  pieces  of  about  8  inches  in  length  would  break  from  the  side 
without  extending  the  split  a  greater  length  in  the  head  of  the  rail. 
The  inclusions  of  slag  are  not  constant  in  quantity  for  the  entire 
surface  of  the  rail,  and  were  found  to  be  located  in  spots  a  few 
inches  apart.  The  sounder  metal  required  a  long  time  for  the 
wheel  loads  to  split  from  one  series  of  inclusions  of  slag  to  the  next. 

Several  other  rails  have  been  examined  since  June  21st,  and 
the  slag  in  the  bearing  surface  was  sufficient  to  permit  the  metal 
to  flow  and  expand  sidewise  and  start  a  check  in  what  would  other- 
wise be  metal  which  would  sustain  the  traffic  without  splitting  of  the 
head  or  deformation  of  the  bearing  surface  of  the  rail.  Rails 
under  Gantry  cranes,  which  have  large  static  wheel  loads  but  a 
slow  velocity,  will  cause  the  metal  in  the  bearing  surface,  with  slag 
inclusions,  to  flow  and  split  the  rail  heads  as  well  as  trains. 

The  heavy  wheel  loads  of  the  present  service  must  be  expected 
to  affect  the  metal  in  the  bearing  surface  more  quickly  than  was  the 
case  with  the  lighter  loads  on  the  limber  rails.  It  is  quality  and 
sound  metal  that  is  required  in  any  form  of  section  at  the  present 
day,  to  sustain  the  high-speed  trains,  heav^  wheel  loads,  and  large 
expenditure  of  tractive  effort. 

The  75,  80  and  100  lb.  stiffer  rails,  which  were  made  in 
0.06  phosphorus,  0.50  to  0.65  in  carbon,  have  sustained  the 
present  heavy  traffic  for  a  number  of  years  in  the  bearing  sur- 
face without  undue  wear,  and  have  not  broken  as  girders,  under 
the  high-speed  trains,  heavy  axle  loads,  and  the  large  expenditure 
of  tractive  effort.  The  failure  by  the  breaking  down  of  the  rail 
heads  has  been  traced  in  all  cases  to  unsound  metal,  rather  than  its 
distribution  in  the  section.  The  failure  of  recent  rolled  rails  in 
the  heavy  sections,  either  as  to  rapid  wear  or  breaking  of  the  heads, 
or  the  entire  section,  seems  to  be  due  to  inadequate  physical  prop- 
erties in  combination  with  unsound  metal.  To  sustain  the  heavy 
service  and  with  the  large  output  demanded,  it  is  more  difficult  to 
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make  a  rail  owing  to  the  lack  of  lime  for  the  necessary  steps  in  the 
process  rather  than  that  of  deficiency  in  the  processes  themselves, 
except  as  to  the  high  phosphorus  and  sulphur.  The  high  phos- 
phorus, even  with  low  carbons  and  cold  rolHng,  makes  a  metal 
of  greater  fragility  than  was  produced  with  the  lower  phosphorus 
and  higher  carbons  when  rolled  even  at  the  higher  temperatures  of 
the  preceding  decade. 

Compression  of  the  ingots  would  check  the  segregation  of  the 
metalloids  in  those  of  large  dimensions,  and  the  discard  required 
for  sound  metal  would  be  small.  The  composition  of  the  metal 
for  the  rail  can  be  an  alloy,  and  a  range  in  physical  properties 
secured  for  wear,  and  as  girders  of  greater  toughness,  for  shocks 
in  zero  or  lower  temperatures. 

The  metallurgical  problem  is  one  limited  by  cost  rather  than 
confined  to  a  single  metal  as  formerly  the  case  with  iron  rails. 
Progress  in  transportation  will  not  be  limited  by  specifications  but 
will  meet  the  commercial  demands  with  larger  factors  of  safety  for 
the  future. 

[For  Discussion  of  this  paper,  see  page  87.] 


DOES  THE  REMOVAL  OF  SULPHUR  AND  PHOSPHORUS 
LESSEN  THE  SEGREGATION  OF  CARBON? 

By  Henry  M.  Howe. 

If  relative  freedom  from  phosphorus  and  sulphur  should 
lessen  the  segregation  of  carbon,  this  fact  would  increase  the  value 
of  the  thorough  dephosphorizing  and  desulphurizing,  which  certain 
electrical  processes,  such  as  the  Heroult,  bring  about. 

We  often  think  of  segregation  only  as  concentrating  the  sul- 
phur and  phosphorus  harmfully  in  the  upper  part  of  the  axis  of 
the  ingot;  indeed,  in  case  of  low  carbon  steel  this  is  its  chief 
reproach.  But  in  case  of  high-carbon  steel,  segregation  does  the 
further  harm  of  giving  great  irregularity  of  carbon  content.  If 
these  electrical  refining  processes  not  only  expel  sulphur  and 
phosphorus,  but  thereby  prevent  or  lessen  the  segregation  of  car- 
bon, this  is  so  much  to  their  good. 

In  order  to  answer  this  question  I  have  examined  all  the 
available  cases  of  segregation,  about  one  hundred  in  number,  and 
I  give  the  results  in  Appendices  I,  II,  and  III  and  the  accompany- 
ing tables  and  diagrams. 

Briefly,  the  evidence  answers  "No"  to  our  question.  In 
other  words,  it  raises  a  strong  presumption  against  the  behef  that 
either  low  sulphur  content  or  low  phosphorus  content  tends  to 
restrain  the  segregation  of  carbon,  and  suggests  rather  that  they 
have  the  opposite  effect  of  aggravating  that  segregation.  We 
can  readily  understand  that  freedom  from  sulphur  should  do  this 
by  leading  to  "Hveliness"  which  in  turn  seems  to  favor  segregation. 
The  less  sulphur,  the  more  lively  the  steel;  the  more  lively,  the 
more  segregation. 

Those  parts  of  this  paper  which  refer  to  the  influence  of  phos- 
phorus arc  taken  with  slight  changes  from  my  report  on  this  sub- 
ject to  W.  R.  Walker,  Esq.,  Assistant  to  the  President  of  the 
United  States  Steel  Corporation ;  and  I  thank  liim  sincerely  for  his 
generous  permission  to  pubHsh  them. 

(75) 
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Appendix  I. — Plan  of  the  Tables  and  Diagrams. 

In  the  tables  arc  given  (i)  the  average  sulphur  or  phosphorus 
as  the  case  may  be,  (2)  the  average  carbon  A;  (3)  the  maximum 
carbon  B;  and  (4)  the  excess  of  the  maximum  carbon  over  that 

r     ,  B— A 

average  m  percentage  of  the  average,  or x  100.     ror  con- 

A 

venicnce  I  give  the  sulphur,  phosphorus,  and  carbon  to  only  two 

places  of  decimals  in  the  tables,  though  the  diagrams  follow  the 

third  place  whenever  this  is  known. 

The  ladle  test,  if  known,  is  taken  as  the  average.  When  it  is 
not  known,  I  calculate  the  average  when  the  data  permit  me  to 
with  any  approach  to  accuracy.  When  they  do  not,  as  is  the  case 
with  certain  rails,  I  take  the  outside  of  the  rail  as  the  nearest 
available  approximation  to  the  average. 

I  have  rejected  all  cases  in  which  the  rej)ortcd  segregate 
is  clearly  not  the  segregate,  for  instance,  all  those  in  which  it 
has  less  carbon  than  the  average,  because  it  is  now  clear  that  the 
segregation  of  carbon  leads  to  an  enrichment,  not  an  impoverish- 
ment, of  the  last  freezing  part. 

This  has  led  me  to  reject  many  cases  of  rails  reported  by  Mr. 
Robert  Forsyth,  I  have  rejected  many  of  the  cases  reported  by  Air. 
H.  H.  Campbell  in  his  admirable  book,  because  in  these  he  took 
no  drillings  from  the  upper  25  per  cent,  of  the  length  of  the  ingot, 
which  would  be  ver}^  likely  to  contain  the  segregate.  This  without 
questioning  the  propriety  of  his  course  for  the  purpose  which  he  had 
in  mind. 

In  the  diagrams  the  degree  of  segregation  of  carbon  is  repre- 
sented by  vertical  distances,  and  the  average  percentage  of  sulphur 
or  phosphorus  by  horizontal  ones,  using  special  signs,  which  are 
exjilained  in  the  legends,  to  indicate  the  source  of  the  information, 
the  kind  of  object,  the  size  of  the  ingots,  and  in  case  of  the  Talbot 
ingots,  whether  they  are  made  with  or  without  aluminum. 

The  center  of  each  circle,  cross,  etc.,  lies  at  the  point  which  its 
case  represents. 
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Appendix  II. — The  Evidence  Concerning  Sulphur 
Considered. 

Our  first  impression,  on  examining  Diagram  I,  is  that  low  sul- 
phur-content, instead  of  restraining,  rather  aggravates  segregation, 
because  the  highest  points,  or  those  of  the  greatest  segregation  of 
carbon,  he  at  the  left  of  the  diagram,  where  the  sulphur  content  is 
the  lowest,  and  because  there  is  on  the  whole  something  of  a  down- 
ward slope  as  we  pass  from  left  to  right.     Further,  when  we  come 

INFLUENCE  OF  SULPHUR  ON  SEGREGATION  OF  CARBON. 

Segregation  of  carbon,  or  excess  of  richest  point,  B,  over  average,  A; 
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38 
50 
50 
50 
43 
89 
42 
43 
43 
44 
12 

43 
24 
45 
49 
27 
45 
37 
49 
40 
1 1 
25 
43 
67 
69 


-^-Xioo 
per  cent. 


57 
14 

31 
21 
27 
38 

77 
32 
54 
54 
56 
36 
43 
24 
70 

83 
51 
60 
60 
62 
66 

95 
48 
60 

53 
71 
75 
80 

56 
II 
60 

74 
67 
67 

25 
61 
68 
58 
70 

41 
66 

37 
56 
48 
16 

30 
60 
74 
87 


46 
17 
29 


II 
100 

75 
35 
39 
48 

35 
22 
12 
60 
23 
35 
33 
36 
40 

32 

40 

150 
26 
58 
40 
42 

50 
60 

31 

25 
43 
72 
56 
52 
114 
42 

183 
29 

43 

52 

47 
2 

14 
20 
48 
20 
38 
10 
26 


Object. 


Rail 
Plate 
Rail 
Ingot 
Rail 
Ingot 
Ingot 
Rail 
Rail 
Rail 
Rail 
Ingot 
Rail 
Plate 
Ingot 
Ingot 
Rail 
Rail 
Rail 
Rail 
Rail 
Ingot 
Ingot 
Ingot 
Ingot 
Ingot 
Ingot 
Ingot 
Rail 
Ingot 
Rail 
Ingot 
Ingot 
Rail 
Ingot 
Rail 
Ingot 
Rail 
Rail 
Rail 
Rail 
Rail 
Rail 
Rail 
Plate 
Rail 
Rail 
Rail 
Rail 


Size, 
inches. 


17x21 

30x34 
19x19 


Authority. 


12x12 
19x19 


18x22 
18x22 
18x22 
18x22 
20x24 
20x24 
20x24 

15x15 

13x16 
20x24 

20x24 

15,400  lbs 


Andrews. 

Eccles. 

Forsyth. 

Snelus. 

Forsyth. 

Huston. 

Snelus. 

Forsyth. 

Andrews. 

Andrews. 

Andrews. 

Campbell. 

Forsyth. 

Eccles. 

Stevenson. 

U.  S.  A. 

Forsyth. 

Andrews. 

Andrews. 

Andrews. 

Andrews. 

Talbot. 

Talbot. 

Talbot. 

Talbot. 

Talbot. 

Talbot. 

Talbot. 

Andrews. 

U.  8.  A. 

Andrews. 

Talbot. 

Talbot. 

Andrews. 

Talbot. 

Andrews. 

Reuss. 

Andrews. 

Andrews. 

Andrews. 

Forsyth. 

Andrews. 

Andrews. 

Eccles. 

Forsyth. 

Andrews. 

Forsyth. 

F'orsyth. 
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to  examine  these  cases  in  detail,  we  find  such  facts  as  the  follow- 
ing: 


In  all  the  cases  in  which  the  segregation 
of  carbo.i  exceeds 

The  sulphur  content 
is  under 

183.  per  cent. 

0.04  per  cent. 

52. 

0.08 

48. 

0.105 

These  facts  certainly  raise  a  presumption,  at  the  first  glance, 
against  the  belief  that  low-sulphur  content  restrains  segregation; 
and  we  next  consider  whether  any  allowances  which  we  can  make 
should  suthce  to  overcome  this  presumption. 

We  at  once  make  a  certain  allowance  as  regards  the  four  very 
large  ingots  represented  in  the  upper  left  hand  part  of  the  diagram, 
the  two  Colby  ones,  and  those  of  Hogg  and  Stubbs.  The  very 
large  size  of  these  ingots  in  and  by  itself  should  increase  their 
segregation,  so  that  their  very  great  segregation  may  be  due,  not 
to  their  low  sulphur-content  but  to  their  great  size.  The  great 
segregation  of  the  Hogg  ingot  may  be  due  further  to  the  exceptional 
skill  and  intelligence  with  which  Mr.  Hogg  sought  the  richest  of 
the  segregate.  But,  even  if  we  exclude  these  four  cases  completely, 
there  still  remains  a  decided  downward  slope  as  we  pass  from  left 
to  right. 

Beyond  this,  we  should  make  a  certain  allowance  for  the 
imperfection  of  our  evidence.  Be  it  remembered  that  no  one  of 
these  cases  gives  the  very  richest  of  the  segregate,  which  indeed  is 
at  most  a  group  of  but  a  few  molecules.  Even  if  our  drillings  were 
so  taken  as  to  include  this  very  richest  spot,  in  order  that  they 
should  be  of  sufficient  quantity  for  chemical  analysis  the  richest  of 
the  segregate  would  be  enormously  diluted  by  the  surrounding 
less  rich  material  cut  out  with  it  in  drilling. 

But  the  drillings  are  hardly  ever  taken  in  such  a  way  as  to  seek 
properly  for  the  richest  of  the  segregate.  So  far  as  I  remember, 
Mr.  Hogg*  alone  has  sought  this  properly,  by  taking  the  whole  of 
the  axial  matter  in  the  segregated  part  of  the  ingot,  and  analyzing 
successive  small  parts  of  it.  In  general  there  has  been  no  attempt 
to  run  down  the  richest  spot,  so  that  while  the  reported  richest 


*  "  On   Segregation,"   Journal  of   the   Society  of  Chemical  Industry, 
March  31,  1893,  p.  4  of  reprint. 
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spot  from  one  ingot  may  lie  quite  close  to  the  true  richest  spot, 
that  from  another  ingot  may  lie  many  inches  from  it. 

Still  farther,  the  degree  of  segregation  is  affected  by  other 
variables,  such  as  the  casting  temperature,  the  rapidity  of  cooling, 
the  slowness  of  casting,  and  most  of  all  the  quietness  of  the  molten 
metal.  But  even  after  taking  all  these  considerations  into  account, 
it  is  still  naturally  to  be  expected  that  plotting  so  large  a  number 
of  cases  as  are  here  given  should  bring  out  some  clear  indication 
of  the  anti-segregation  effect  of  low  sulphur-content  if  such  an 
effect  really  existed.  The  fact  that  the  diagram  instead  of  showing 
such  indication  suggests  rather  the  opposite,  raises  a  strong  pre- 
sumption against  the  supposed  anti-segregation  effect  of  low  sul- 
phur-content. 

Now  that  we  have  gone  as  far  as  this,  we  may  peep  a  little 
farther  and  ask,  "  Can  it  be  that  low  sulphur-content  actuallv  favors 
segregation?''  The  evidence  on  its  face  certainly  suggests  this 
belief,  and  perhaps  as  strongly  as  could  be  expected  in  view  of  the 
necessar\'  inaccuracy  of  sampling,  and  of  the  many  other  variables 
at  work,  such  as  ingot  size,  casting  temperature,  and  quietness  of 
steel. 

We  naturally  ask  ourselves  whether  there  is  any  reason  to  ex- 
pect such  a  law,  and  on  reflection  we  find  such  a  reason  close  at 
hand.  It  has  been  observed  that  steel,  at  least  acid  Bessemer  steel, 
when  very  low  in  sulphur  is  wild  and  boils  badly  in  the  molds,  and 
mmy  steel  makers  throw  a  little  of  either  pyrite  or  brimstone  into 
any  steel  which  is  not  quiet  enough.  In  short,  sulphur  seems  to 
have  an  influeuce  like  that  of  aluminum,  quieting  the  steel,  and 
thereby  it  might  well  restrain  segregation  in  the  way  in  which,  as 
Mr.  Stead  has  pointed  out,  aluminum  does  this  very  thing.  In  quiet 
steel  the  solidification  is  rather  of  the  landlocking  than  of  the  onion 
type.  Long  columnar  crystals  shoot  out  from  the  walls  of  the 
ingot,  and  landlock  much  of  the  molten  metal  between  them,  thus 
restraining  the  centripetal  concentration  which  is  the  essence  of 
segregation.  I  believe  that  the  reason  why  quietness  has  this 
effect  is  that  it  leads  to  surfusion.  The  metal  actuallv  remains 
molten  below  its  normal  freezing  point,  so  that  when  freezing 
once  sets  in,  it  throws  long  crystals  shooting  out  into  the  interior. 

In  short,  we  find  a  strong  presumption  against  the  belief  that 
low  sulphur-content  restrains  segregation  of  carbon,  and  indeed  a 
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suggestion  that  it  aggravates  that  segregation.  Beyond  this,  we 
find  a  reason,  in  the  reported  quieting  effect  of  sulphur,  why  it 
should  have  this  speciiic  effect. 
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Diagram  II. — Influence  of  Phosphorus  on  the  Segregation  of  Carbon. 


If  these  inferences  are  right,  then  any  harmful  effect  of  low 
sulphur  should  be  readily  cured  by  a  slight  dose  of  aluminum, 
which  quiets  the  metal  wonderfully. 
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Appendix  III. — The  Evidence  in  Detail  Concerning  Phos- 
phorus. 

The  General  Trend  of  the  dots  in  the  cases  showTi  in  Dia- 
gram II  is  from  west-northwest  to  east-southeast;  in  other  words  the 
segregation  is  inversely  as  the  phosphorus.  Let  us  first  consider 
a  few  cases  which  tend  to  exaggarate  this  trend  unfair!}-,  and  then 
consider  some  which  seem  to  support  it  fairly. 

Cases  which  Exaggerate  the  Trend. — Among  these  are  the 
four  large  ingots  connected  by  a  dotted  line,  which  form  a  row  run- 
ning nearly  south  east,  a  sort  of  northern  boundary  of  the  cases 


INFLUENXE  OF  PHOSPHORUS  ON  SEGREGATION  OF  CARBON. 
Segregation  of  carbon,  or  excess  of  richest  point,   B,  over  average,  A; 


measured  in  percentage  of  that  average,  or 


B— A 


X  100. 


No. 


Aver, 
age 
Phos- 
phorus, 


I 

.01 

2 

.01 

3 

.01 

4 

.01 

5 
6 

.01 
.02 

7 
8 

.02 
.02 

9 

.02 

10 

.02 

1 1 

•03 

12 

•03 

13 

•03 

14 

•03 

15 
16 

.04 
.04 

17 
18 

.04 
.04 

19 

.04 

20 

.04 

21 

.04 

22 

.04 

23 

■05 

24 

•o.S 

25 
26 

■05 
•o.S 

27 
28 

•05 

■0$ 

29 

•05 

30 

•OS 

Carbon. 


Aver- 
age 
A. 


■23 
■23 
.19 
.81 

■37 
.19 

■23 
.26 
.28 
.26 
•39 
■29 
•99 
.12 

•50 
■50 
•50 
.12 
.10 
.12 

•85 
.42 
.19 
.19 

•43 
•38 
•38 
•35 
•39 
•39 


Maxi- 
mum 
B. 


B-A^ 
-^Xioo 

per  cent. 


•38 
.40 

•32 
1.06 

•77 

•38 

•36 

I. II 

•53 
•65 
■44 
•50 
1 .90 

•25 
.80 

■71 
•75 
.16 
.20 
.14 
1.02 
•  42 

■3° 
.21 
.60 
.60 

•53 
.68 

■57 
■54 


65 
74 
68 

31 

108 

100 

57 

327 

89 

155 

14 

71 

92 

114 

60 

42 

50 

39 

III 

17 
20 
o 
58 
1 1 
38 
58 
40 
94 
46 

39 


Object. 


Ingot 

Ingot 

Ingot 

Ingot 

Ingot 

Ingot 

Ingot 

Ingot 

Ingot 

Ingot 

Rail 

Rail 

Ingot 

Ingot 

Ingot 

Ingot 

Ingot 

Plate 

Plate 

Plate 
Large  bar 

Ingot 

Ingot 

Ingot 

Rail 

Ingot 

Ingot 

Rail 

Rail 

Rail 


Size, 
inches. 


15x22 
12x26 
14x14 
Large 
30x34 
16x18 

43x79 
10x10 

43-X79 


16x18 
20x24 
20x24 
20x24 
20x24 


13x13 
30x48 
17x21 

18x22 
18x22 


Authority. 


Huston. 

Huston. 

Huston. 

Campbell. 

U.  S.  A. 

Huston. 

Colby'. 

Pourcel. 

Colby. 

Juptner. 

Juptner 

U.  S.  A. 

Talbot. 

Talbot 

Talbot. 

Talbot. 

Eccles. 

Parker. 

Eccles. 

Metcalf. 

Snelus. 

Acker. 

Snelus. 

Andrews. 

Talbot. 

Talbot. 

Juptner. 

Andrews. 

Andrews. 
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No. 


Aver- 
age 
Phos- 
phorus. 


31 

•05 

32 

•05 

33 

•05 

34 

•05 

35 

•05 

36 

■OS 

37 

•05 

3« 

■05 

39 

•05 

40 

.06 

41 

.06 

42 

.06 

43 

.06 

44 

.Ob 

45 

.06 

46 

.06 

47 

.06 

48, 

.06 

49 

.06 

5° 

.06 

51 

.06 

52 

.06 

53 

.06 

54 

.00 

55 

.06 

56 

.06 

57 

.06 

5« 

.06 

59 

.06 

60 

.06 

61 

.07 

62 

.07 

63 

.07 

64 

.07 

65 

.07 

66 

.08 

67 

.08 

68 

.08 

69 

.08 

70 

.08 

71 

.09 

72 

.09 

73 

.09 

74 

.09 

75 

.09 

76 

.09 

77 

.09 

78 

.09 

79 

09 

80 

.09 

81 

.TO 

82 

.10 

Carbon. 


Aver- 
age 
A. 


Maxi- 
mum 
B. 


•44 

•47 
•17 
•15 
•47 
•51 
.24 

•38 
•38 

•57 
•44 
.40 

•45 
•42 
•41 
.40 
■30 
•45 
.11 

■36 
•43 
•49 
•47 
•15 
■43 
•49 
•44 
■43 
■43 
■43 
.62 

■37 
.42 

-25 
.68 
.26 
■52 

■33 
.67 

■39 
■32 
■25 
.09 
.69 

■  24 

■  24 
■37 
.89 

■27 
.24 

•37 


67 
62 

19 
18 
66 

75 
86 

48 

95 
70 
60 
48 
66 
56 
53 
48 
36 
58 
16 
Sc- 
56 
56 
46 

24 
60 
70 

77 
67 

74 
61 

83 
54 
60 
70 
20 
36 
59 
45 
74 
39 
28 

27 
10 

87 
32 
68 

31 
1 1 

41 
31 
92 
18 


B-A 


V^Xioo        Ol^iect 


A 

per  cent 


52 
32 
1 1 
20 

40 

47 
258 
26 
150 
23 
36 
20 

47 
35 
28 
21 
22 
29 
48 
40 
31 
14 
—2 
60 
40 
43 
75 
56 
72 
42 

35 
48 

43 
180 

77 
39 
14 
34 
10 
0.2 

-14 
1 1 
1 1 
26 

35 
183 
-17 

25 

52 

29 

149 

47 


Rail 

Rail 

Ingot 

Ingot 

Rail 

Ingot 

Ingot 

Ingot 

Ingot 

Ingot 

Rail 

Rail 

Rail 

Rail 

Rail 

Rail 

Ingot 

Rail 

Plate 

Rail 

Rail 

Rail 

Rail 

Plate 

Rail 

Rail 

Ingot 

Ingot 

Ingot 

Rail 

Ingot 

Rail 

Rail 

Rail 

Ingot 

Rail 

Ingot 

Rail 

Rail 

Rail 

Rail 

Rail 

Ingot 

Rail 

Rail 

Ingot 

Rail 

Ingot 

Rail 

Rail 

Ingot 

Ingot 


Size, 
inches. 


Authority. 


10x10 
13  ton 

15x15 
30  dia. 
18x22 
18x22 
12x12 


19x19 
20x24 
13x16 

39x19 


33  dia. 


13x13 

15.400  lbs 
15x15 


39x39 
16x18 


Andrews. 

Andrews. 

Campbell. 

Acker. 

Andrews. 

Colby. 

Hogg. 

Talbot. 

Talbot. 

Stevenson. 

Andrews. 

Andrews. 

Andrews. 

Andrews. 

Juptner. 

Juptner. 

Campbell. 

Andrews. 

Eccles. 

Juptner. 

Andrews. 

Andrews. 

Forsyth. 

Eccles. 

Andrews . 

Andrews. 

Snelus. 

Talbot. 

Talbot. 

Andrews. 

U.  S.  A. 

Andrews. 

Andrews. 

Forsyth. 

Forsyth. 

Zetsche. 

Forsyth. 

Forsyth. 

Forsyth. 

Forsyth. 

Forsyth. 

Cheever. 

Forsyth. 

Forsyth. 

Reuss. 

Forsvth. 

U.  S.  A. 

Forsvth. 
Stubbs. 
U.  S.  A. 
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shown  in  the  diagram,  beginning  with  the  large  Colby  armor-plate 
ingot  (No.  8-P.  .  02,  segregation  327  per  cent.)  and  ending  with  the 
large  Stubbs  ingot  (Xo.  81-P.  ,10,  segregation  149  per  cent.).  These 
four  cases  happen  to  stand  out  so  prominently  and  so  nearly  in  a 
straight  line  that  they  appeal  strongly  to  the  eye;  but  they  deserve 
httle  weight,  as  I  will  now  show.  First  the  Reuss  and  Stubbs 
cases  desen^e  Httle  weight,  because  in  each  of  them  only  a  single 
analysis  was  made  in  the  segregated  part,  so  th?t  the  rctual 
segregation  may  have  been  very  much  greater  than  that  found. 
The  Hogg  ingot,  on  the  other  hand,  was  examined  with  great  care 
and  inteUigence,  by  a  systematic  search  through  the  segregated 
region,  so  that  the  great  segregation  in  this  case  is  probably  ver}' 
close  to  the  true  maximum.  Again,  while  the  fact  that  the  single 
analysis  of  the  Colby  low  phosphorus  ingot  (No.  8)  found  more 
segregation  than  the  systematic  search  found  in  the  higher  phos- 
phorus Hogg  ingot  (327  per  cent.  vs.  258  per  cent.)  agrees  with  the 
idea  that  segregation  is  inversely  as  the  phosphorus,  yet  it  may  be 
due  to  the  larger  size  of  the  Colby  ingot  (43  in.  x  79  in.  vs.  30  in. 
round),  which  in  itself  might  tend  to  increase  the  segregation  of 
the  Colby  ingot. 

Forsyth  Rail  Cases. — The  very  low  segregation  in  the  Forsyth 
rail  cases,  sho\\Ti  by  the  marks  XF  in  the  lower  right  hand  comer  of 
the  diagram,  also  seem  to  indicate  that  segregation  is  inversely  as 
the  phosphorus.  But  this  reported  low  segregation  may  easily  be 
due  to  the  fact  that  while  Mr.  Forsyth  knew  that  the  segregate  lay 
in  the  axis  of  the  ingot,  he  probably  did  not  know  that  it  lay  near 
the  top  of  the  axis,  and  that  the  lower  part  of  the  axis  was  really 
purer  than  the  average  of  the  ingot,  as  has  since  been  clearly 
proved.  The  very  low  segregation  which  he  found  in  the  axis  of 
certain  rails,  then,  may  be  due  to  his  ha^•ing  unwittingly  taken  those 
rails  from  the  lower  part  of  the  ingot.  Indeed,  I  have  rejected  a 
large  number  of  cases  reported  by  him  which  showed  that  the  axis 
was  really  lower  in  carbon  than  the  outside,  as  e^^dently  due  to 
this  cause.  These  cases,  if  included,  would  have  tended  still 
farther  to  show  that  segregation  is  inversely  as  phosphorus. 

The  Andrews  cases  (X  An)  taken  as  a  whole  tend  to  show- 
that  segregation  is  inversely  as  the  phosphorus.  They  descrs'e 
more  weight  than  the  Forsyth  cases,  because  the  drillings  were 
taken  at  more  points  and  more  systematically. 
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Cases  which  are  Fair  Evidence. — The  best  of  these  are  the  sia 
Talbot  ingots  with  aluminum.  These  lie  in  a  band  running 
NW.  and  SE.  Each  of  these  cases  represents  a  great  many 
sets  of  drilhngs  taken  systematically  from  a  good  sized  ingot. 
They  are  so  fairly  comparable  among  themselves  and  they  indicate 
so  consistently  that  segregation  is  inversely  as  phosphorus,  that 
they  form  evidence  of  some  weight.  Again,  although  the  use  of 
aluminum  lessens  segregation,  so  that  for  given  phosphorus  (e.  g. 
0.05  per  cent.)  those  without  aluminum  stand  above  those  wdth 
aluminum ;  yet  a  comparison  of  the  high-phosphorus  ones  without 
aluminum  with  the  low  phosphorus  ones  mth  aluminum  tends  to 
show  that  high  phosphorus,  counteracting  aluminum,  lessens 
segregation.  Thus  two  of  the  Talbot  .06  phosphorus  ingots  with- 
out aluminum  have  hardly  more  segregation  than  the  .04  phos- 
phorus one  \wlth  aluminum,  tending  to  show  that  the  increase  of 
phosphorus  from  .04  to  .06  has  about  equaled  the  effect  of  alum- 
inum in  restraining  segregation.  Again,  three  of  the  higher  phos- 
phorus Talbot  ingots  without  aluminum  (P.  .05  and  .06)  have 
decidedly  less  segregation  than  his  .03  phosphorus  ingot  with 
aluminum,  tending  to  show  that  here  an  increase  of  phosphorus 
of  .02  or  .03  per  cent,  is  more  effective  than  an  addition  of  alum- 
inum in  restraining  segregation. 

The  evidence  is  not  conclusive  for  reasons  already  given;  but 
the  fact  that  in  these  cases  the  segregation  is  inversely  as  the 
phosphorus,  and  indeed  the  general  distribution  of  the  points  in 
the  diagram,  certainly  make  against  the  idea  that  the  low  phos- 
phorus lessens  the  segregation  of  carbon.  Why  it  should  do  this 
I  do  not  know. 
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STEEL  RAILS.* 


Mr.  W.  R.  Webster. — The  different  opinions  expressed  by  Mr.  Webster 
the  representatives  of  the  Railway  Companies  and  Rail  Manu- 
facturers, in  the  current  discussion  as  to  what  would  constitute  a 
satisfactor}'  rail,  call  to  my  mind  the  remarks  of  Sir  Lowthian 
Bell  during  the  discussion  on  "Recent  Practice  in  Rails,"  at 
the  Annual  Convention  of  the  American  Society  of  Civil  Engi- 
neers, in  London,  June,  1900.    He  said: 

"As  I  have  been  twenty-five  years  a  manufacturer  of  rails,  and 
twenty-five  years  a  director  in  the  Northeastern  Railway,  I  represent 
both  maker  and  user,  and  have  at  my  disposal  35,000  analyses  to  go 
upon  in  making  deductions.  From  these  I  can  prove,  and  disprove, 
ever^-thing  that  can  be  said  for  or  against  any  composition  of  a  rail — 
a  facility  beloved  by  the  expert.  " 

Notwithstanding  all  this,  if  the  important  factors  that  have  a 
direct  bearing  on  the  quality  of  the  finished  rail  are  considered, 
most  of  the  conflicting  opinions  can  be  harmonized.  The  Com- 
mittees at  work  on  the  problem  are  doing  this.  They  are  endeavor- 
ing to  secure  good  uniform  methods  of  manufacture  by  specifying 
chemical  composition,  amount  of  discard  from  top  of  ingot,  finish- 
ing temperature  in  rolling,  Hmit  of  camber  in  rails  coming  to  the 
gag-press  for  cold  straightening,  and  drop  tests.  They  are  nearer 
together  now  on  these  requirements  than  ever  before,  and  it  is  to  be 
hoped  that  a  specification  will  soon  be  arrived  at,  by  interchange  of 
views,  which  will  be  acceptable  to  all. 


*This  discussion  covers  the  following: 

Report  of  Committee  A  on  Standard  Specifications  for  Iron  and 
Steel,  embodying  Proposed  Standard  Specifications  for  Steel  Rails. — 
Wm.  R.  Webster,  Chairman. 

Mechanical  Experiences  Avith  Limber  and  Stiff  Rail  Sections. — P.  H. 
Dudley. 

On  Rail  Steel  as  Manufact\u-ed  by  the  Continuous  Open  Hearth 
Process. — Benjamin  Talbot. 
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Mr.  Webster.  It  must  be  admitted  that  the  best  rails  are  produced  from 

steel  low  in  phosphorus,  rolled  with  light  reductions  and  finished 
at  proper  low  temperature.  But  the  sections  now  in  use  make  it 
almost  impossible  to  continue  the  work  of  rolling  on  the  head  to  a 
low  enough  temperature  to  produce  the  fine-grained  structure 
desired.  Therefore,  a  good  starting  point  for  this  discussion  would 
be  the  section. 

In  a  recent  discussion,  it  was  claimed  that  the  old  Committee 
of  the  American  Society  of  Civil  Engineers  kept  in  mind  the 
importance  of  low  finishing  temperature,  in  designing  their  rails, 
and  gave  sections  best  suited  for  that  purpose.  As  a  matter  of  fact, 
the  effect  of  the  heat  treatment  of  steel  was  not  properly  appreciated 
at  the  time  the  Committee  made  its  report  in  1892,  and  the  sections 
do  not  permit  of  a  low  enough  finishing  temperature  in  rolling 
owing  to  the  wide  thin  flanges.  This,  to  a  large  extent,  has  caused 
the  great  trouble  with  100-pound  rails  rolled  to  these  sections. 
Other  100-pound  sections  gave  trouble,  and  on  March  25,  1901, 
I  WTOte,  in  part,  to  the  American  Society  of  Civil  Engineers,  asking 
for  a  new  Rail  Committee : 

' '  I  would  respectfully  ask  that  a  Committee  be  appointed  to  investi- 
gate and  report  on  Standard  Rail  Sections.  The  reasons  for  asking  for 
this  Committee  are  that  rails  of  80  pounds  and  over  are  not  giving  good 
service.  This  is  true  of  all  heavy  rails  whether  rolled  to  American 
Society  Civil  Engineers'  sections  or  others.  The  cause  of  the  trouble  is 
now  well  known,  it  being  due  to  the  large  mass  of  metal  in  the  head  carry- 
ing the  heat  so  much  longer  than  the  thin  metal  in  the  flanges,  thus  pre- 
venting the  work  of  rolling  on  the  head  at  sufficiently  low  lemperature  to 
break  up  the  coarse  grain  and  produce  the  tough,  good-wearing  rails 
desired." 

The  Board  of  Directors  brought  this  up  for  discussion  at  the 
Annual  Meeting  in  June,  and  the  Committee  was  appointed  in 
1902.  It  is  still  strugghng  with  the  problem.  In  the  arguments 
against  the  appointment  of  such  a  Committee  it  was  claimed  that 
sufficient  evidence  had  not  been  produced  to  show  that  the  hea\ier 
rail  sections  were  not  giving  as  good  results  as  the  lighter.  Those 
present  to-day  must  admit  that  the  results  of  the  past  five  years 
have  given  conclusive  evidence  that  a  change  in  section  is  ad\dsable. 

It  has  been  the  invariable  experience  in  changing  from  a  light 
to  a  hea\7  section,  in  any  class  of  rolled  steel,  that  difficulties  have 
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been  met  and  modifications  have  been  made  in  the  methods  of  roll-  Mr.  Webster, 
ing,  in  order  to  get  as  good  structure  in  the  heavier  sections  as  was 
formerly  obtained  in  the  hghtcr  sections.  In  ordinary  sections, 
other  than  rails,  it  was  a  comparatively  easy  matter  to  overcome 
the  trouble  and  get  a  good  structure;  but  the  thin  flange  of  the  rail, 
and  the  higher  carbons  called  for  in  the  heavier  sections,  further 
complicate  matters. 

If  a  rail  with  the  same  width  of  head  as  the  present  American 
Society  Civil  Engineers'  100-pound  rail  is  required,  the  head  will 
have  to  be  made  thicker,  and  the  radius  under  the  head  larger  in 
order  to  prevent  the  sides  of  the  head  from  shearing  or  breaking  oflF 
as  at  present,  and  more  metal  put  in  the  web  and  flange  in  order  to 
carry  the  heat,  thus  aUowing  the  head  to  be  finished  at  the  proper 
low  temperature.  This  would  mean  a  rail  of  about  120  pounds  to 
125  pounds  per  yard.  I  believe  we  are  coming  to  heavier  rails 
before  we  get  rid  of  our  present  troubles. 

In  all  justice,  it  must  be  admitted  that  a  fair  percentage  of 
breakages  is  caused  by  the  great  increase  of  wheel  loads  since  1892, 
increase  in  speed  of  trains,  use  of  large  capacity  steel  cars,  also  that 
we  do  find  poor  track,  poor  rail  joints,  driving  wheels  not  properly 
counterbalanced,  flat  wheels,  etc.  These  conditions  will  no  doubt 
be  improved,  but  they  must  be  considered  in  deciding  on  the  rail 
for  the  future. 

Open -hearth  steel  rails  of  the  present  weight  and  section, 
rolled  under  the  present  conditions  of  manufacture,  cannot  be 
relied  on  to  overcome  all  troubles. 

Most  of  the  basic  open-hearth  steel  manufactured  in  this 
country,  is  much  lower  in  carbon  than  required  for  rail  steel,  and  it 
is  therefore  much  easier  to  control  the  uniformity  of  such  steel. 
The  common  practice  in  Bessemer  steel  rail  mills  is  to  allow  ten 
points  leeway  in  carbon,  and  some  of  the  basic  open-hearth  mills 
claim  to  work  within  these  limits,  but  even  as  high  as  eighteen 
points  leeway  has  been  asked.  It  is  easier  to  work  within  narrow 
limits  of  carbon  in  the  acid  open-hearth  steel  process  than  in  the 
basic. 

What  is  wanted  is  a  steel  as  nearly  uniform  in  carbon  and 
other  chemical  elements  as  possible,  without  inflicting  too  great 
hardship  on  the  manufacturer.  We  desire  full  expression  of 
opinion  from  the  basic  open-hearth  steel  manufacturers  as  to  just 
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Mr.  Webster. 


Mr.  Dudley. 


what  chemical  requirements  and  Hmits  they  would  agree  to  work  to 
in  rail  steel. 

It  would  be  a  very  simple  matter  to  roll  a  thousand  tons  of 
extra  heavy  rails  of  basic  open-hearth  steel,  and  one  thousand  tons 
of  same  section  of  Bessemer  steel,  with  enough  metal  in  the  web 
and  flange  to  carr}-  the  heat  and  finish  them  in  rolling  at  the  lowest 
possible  temperature  without  injuring  the  metal  in  the  flange.  In 
other  words,  approach  as  nearly  as  possible  the  rolling  conditions 
of  the  old  bull-headed  rail,  which  has  been  rolled  with  only  4J 
inches  shrinkage  allowance  in  a  30-foot  rail.  Let  the  chemical 
composition,  per  cent,  of  discard,  and  conditions  of  manufacture 
be  in  accordance  with  the  best  modem  practice.  The  expense  of 
preparing  rolls  and  rolling  such  rails  would  be  trifling  in  compari- 
son with  the  information  obtained,  and  the  rails  would  be  better 
than  any  heaw  rails  ever  rolled. 

Mr.  p.  H.  Dudley. — Mr.  Webster  handed  me  a  copy  of 
his  discussion  on  rails  for  present  and  future  requirements  of  the 
railroads,  also  Mr.  Talbot's  on  rail  steel  as  rmmufactured  by  the 
continuous  open  hearth  process  and  his  suggested  sections. 

I  wish  to  place  upon  record,  as  a  matter  of  fact,  in  introducing 
the  use  of  five-  and  six-inch  rails  in  this  countr}',  knowing  that  the 
metal  in  sections  of  greater  mechanical  properties  would  require 
also  increased  physical  properties  to  sustain  the  traflic,  I  insisted 
upon  this  provision  in  their  manufacture.  This  was  opposed  gen- 
erally, except  by  the  Time- Honored  Iron  Master,  Mr.  John  Fritz. 
There  are  over  a  million  tons  in  service  of  the  five-inch  and  higher 
sections  in  75-,  80-,  95-  and  100-pound  rails  which  were  made  in 
accordance  with  my  specifications,  starting  in  1884  but  particularly 
in  1891.  The  tonnage  on  some  of  the  100-pound  rails  has  exceeded 
350,000,000  tons;  others  300,000,000  tons,  and  the  rails  are  still 
in  service;  150,000,000  to  200,000,000  tons  are  about  the  Limit 
reached  on  the  80-pound  rails  except  in  a  few  places.  A  greater 
tonnage  has  been  carried  by  the  heav}'  rails  than  by  the  light  rails 
they  replaced.  I,  therefore,  from  experience,  with  my  own  sec- 
tions, do  not  concur  with  Mr.  Webster,  "that  the  wear  has  been 
unsatisfactor}^  upon  all  100-pound  rails. "  I  made  the  fillets  under 
the  heads  of  my  sections  |  minutes  radii  which  makes  a  stronger 
support  for  the  underside  of  the  head  than  those  of  less  radii. 

One  of  the  important  features  of  any  section  is  to  secure  sound 
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steel  in  the  ingot  for  the  desired  physical  properties  in  the  metal  and    Mr,  Dudley, 
this  impart  must  be  by  the  chemical  composition  with  sufficient 
time  for  the  reactions  of  the  re-carburizer  and  escape  of  the  slag 
formed  before  the  steel  is  teemed  in  the  ingots. 

Subsequent  cold  rolling  in  any  form  of  section  will  not  make 
sound  steel  having  minute  slag  inclusions  either  for  wear  or  for  the 
section  as  a  girder.  The  latter  controls  the  physical  properties  of 
the  metal  which  may  be  used  under  the  heavy  wheel  loads  large 
expenditure  of  the  tractive  effort  and  high  speed  trains.  The 
metal  must  be  capable  of  withstanding  in  zero  or  lower  tem- 
peratures when  the  steel  in  the  section  is  under  thermal  stress  due 
to  the  falling  temperatures  before  the  ends  of  the  rails  have 
rendered  in  the  splice  bars. 

The  cold  waves  of  the  past  winter  in  most  localities  were  con- 
tinuous for  several  days  and  the  weather  cloudy,  the  sunshine  not 
reheving  the  severe  tension  set  up  in  the  rails  during  the  night. 
The  friction  of  a  5-inch  splice  bar  is  from  4,000  to  4,300  pounds  per 
lineal  inch  of  its  length  and  80-pound  rails  might  carr}-  a  thermal 
stress  of  70,000  to  80,000  pounds  and  the  loo-pound  rails  90,000  to 
100,000  pounds  before  the  splice  bars  would  render.  These  or 
smaller  stresses  due  to  the  falling  temperatures  in  addition  to  those 
of  passing  locomotives  caused  many  rails  to  check  in  metal  form- 
ally disturbed  ia  the  straightening  presses  and  finally  fracture 
from  repeated  strains  in  zero  or  lower  temperatures. 

A  railroad  in  territory  where  low  temperatures  yearly  occur 
must  have  metal  in  the  rails  of  a  quality  to  withstand  such  con- 
ditions, not  experienced  by  railroads  in  warmer  cHmates.  The 
different  conditions  under  which  railroads  are  operated  account  in 
part  for  the  difference  in  opinion  in  reference  to  quahty  of  metal 
for  rails.  The  increase  in  the  number  of  square  inches  in  the  sec- 
tion will  subject  the  rails  to  larger  thermal  stresses  in  low  tem- 
peratures. 

The  problems  either  for  the  consumer  or  producer  are  serious 
for  they  involve  the  safety  of  human  life  for  which  the  consumer 
as  the  first  party  is  directly  responsible. 

The  axle  loads  have  doubled  in  the  past  15  years  and  the 
requirements  for  sound  and  safe  rails  exceed  what  some  producers 
consider  ample.  The  heavy  sections,  when  made  in  ingots  of  6,000 
and  7,000  pounds  rolled  in  four  or  five  lengths,  should  be  bloomed 
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Mr.  Dudley,  at  fiTSt  With  light  draft  passes  until  the  skin  is  toughened  to  prevent 
the  numerous  checks  in  the  bloom  which  are  closed  but  not  rolled 
out  in  the  finished  section,  and  often  become  the  incipient  point  of 
fracture.  The  rails  in  the  track,  besides  carrj'ing  the  vertical  loads, 
receive  lateral  shocks  which  often  start  the  fracture  in  the  base  of 
the  rail. 

Mr.  Jones.  Mr.  M.  T.  Jones. — I  am   conviuccd  beyond  a    question  of 

doubt,  that  the  majority  of  broken  rails  can  be  directly  traced  to 
fractures  caused  by  the  gag,  and  in  looking  over  the  several  reports 
from  various  sources  during  the  recent  agitation  I  fail  to  find  in 
any  one  of  them  where  the  responsibiUty  has  been  placed  in 
this  direction.  I  feel  perfectly  safe  in  saying  that  if  this  matter 
is  properly  investigated  my  assertion  wiU  be  found  to  be  true,  and 
in  support  of  same  I  will  offer  the  following  comparison : 

Take  the  rail  that  is  submitted  for  drop  tests.  This  test  piece 
is  cut  from  the  front  end  of  the  first  rail  rolled  and  comes  from  the 
top  of  the  ingot,  and  after  being  allowed  to  cool  off  naturally  we 
find,  in  almost  every  instance,  it  will  resist  the  enormous  shock  it 
receives  under  the  prescribed  test.  Then,  again,  take  a  test  piece 
from  the  same  rail  after  it  has  received  several  blows  from  the  gag 
in  straightening  and  subject  this  piece  to  the  same  test,  placing  it  in 
position  so  that  the  drop  will  fall  directly  upon  a  point  at  which  it 
has  been  gagged,  and  I  will  venture  to  say  it  will  not  show  the  same 
results,  and  I  firmly  beHeve  this  is  the  a  11- important  point  to  be 
taken  up,  with  a  view  lo  finding  a  remedy. 

It  was  my  intention  to  make  an  appeal  to  the  Convention  on 
this  subject  and  see  if  it  would  not  be  practicable  to  straighten  a 
rail  by  running  it  into  fixed  casings  covering  the  flange  and  web 
its  entire  length,  allow'ing  enough  space  around  the  parts  encased 
to  take  up  the  contraction  and  prevent  it  from  w^arping  out  of  line 
and  surface,  and  if  the  railroad  companies  decide  to  remodel  their 
sections,  allowing  more  metal  in  the  base  or  flange  of  the  rail,  I  be- 
lieve the  contraction  would  be  so.  moderate  that  this  could  be 
accomphshed.  The  rails  could  be  forced  into  these  casings  through 
a  set  of  dummy  rolls  placed  in  position  at  the  point  of  entry  to  the 
casing,  and  while  to  inaugurate  this  system  would  appear  to  be  a 
costly  one  to  the  manufacturers,  they  should  not  lose  sight  of  the 
fact  that  in  the  long  run  it  would  be  a  great  saving  to  them;  besides 
getting  the  desired  results  it  would  do  away  with  straighteners, 
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gaggers,  straightening  machines  and  cost  of  maintaining  same,  and  Mr.  Jones, 
the  space  now  taken  up  in  the  finishing  department  by  these 
machines  could  be  utiHzed  for  cooHng  beds,  and  would,  therefore, 
avoid  the  necessity  of  making  ^•ery  httle  change  in  this  respect. 

I  would  Uke,  if  you  deem  it  advisable,  to  have  this  question 
brought  up  during  discussion  on  this  subject  so  as  to  allow  those 
interested  to  express  their  various  opinions  as  to  the  practicabihty 
of  my  suggestion,  and  if  it  be  found  to  be  practicable  it  would  be  an 
easy  matter  to  figure  out  the  form  of  casing  required  and  other 
mechanical  de\ices  to  put  it  into  practice. 

I  had  also  intended  to  say  a  few  words  regarding  the  question 
of  inspection,  and  the  manner  in  which  it  is  conducted  to-day  by 
railroad  representatives,  and  in  forming  specifications  I  would  sug- 
gest that  a  clause  be  inserted  compeUing  the  mills  to  do  their  load- 
ing in  reasonable  hours,  say  between  the  hours  of  6  a.  m.  and  6  p.  m. 
As  it  now  stands  some  of  the  mills  commence  loading  shortly  after 
daylight  and  continue  to  sundown,  which  necessitates  doubling  the 
force  of  inspectors  if  all  the  rails  are  to  be  inspected,  and  I  am  of 
the  opinion  that  an  inspection  is  practically  worthless  if  only  a  part 
of  the  rails  are  inspected,  as  that  is  just  when  defective  rails  are 
liable  to  get  away.  This  is  a  question  many  of  the  railroads  have 
failed  to  give  proper  attention  to,  as  in  many  instances  they 
appoint  representatives  without  knowing  their  quahfications  to  fill 
the  positions,  and  owing  to  the  inexperience  of  these  inspectors  they 
are  more  or  less  afraid  to  offer  protest  when  rails  do  not  conform  to 
specifications,  and  they  pay  very  little  attention  to  the  quality  of  the 
rails  as  they  seldom  make  any  eft'ort  to  walk  over  them.  It  would 
be  well  for  the  railroads  to  look  into  this  as  it  would  materially  help 
to  better  the  results. 

Mr.  R.  W.  Hunt. — I  think,  in  the  first  place,  that  the  state-  Mr.  Hunt, 
ment  made  by  ]\Ir.  Webster  that  the  sections  under  existing  condi- 
tions form  the  basis  upon  which  intelligent  discussion  rests  and 
from  which  intelligent  results  are  to  come,  is  absolutely  true; 
because  I  do  not  care  how  good  the  steel  may  be,  how  careful  the 
manufacturer  may  be  in  its  manipulation,  if  the  section  is  wrong 
there  will  be  unsatisfactorv  results.  I  think  Mr.  Webster  is  wrong: 
in  his  assumption  that  at  the  time  of  the  adoption  of  the  American 
Society  sections  by  the  Society's  Committee,  the  question  of  tem- 
perature was  ignored,  because,  as  a  member  of  that  Committee,  I 
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Mr.  Hunt,  know  that  was  one  of  the  points  which  received  most  careful  con- 
sideration, not  only  by  discussion  between  the  members  of  the  Com- 
mittee, but  also  in  consultation  with  rail  manufacturers.  But  a 
peculiarity  of  the  situation  comes  from  the  fact  that  at  that  time 
what  we  now  consider  sections  of  necessary  weight  were  then  not 
in  general  use.  We  were  instructed  to  advise  sections  from  loo 
pounds  per  yard  down,  decreasing  by  5  pounds,  but  80-pound  sec- 
tions were  then  regarded  as  the  heaviest  likely  to  be  extensively 
used.  I  believe  only  one  railroad  at  that  time  had  heavier  sections, 
and  that  was  the  Philadelphia  and  Reading  which  had  a  few  90- 
pound  rails  in  use.  The  New  York  Central  had  put  in  8o's  and 
perhaps  they  had  a  few  heavier  rails,  but  their  standard  was  the  80. 
The  Delaware  and  Hudson  had  adopted  the  80,  also  the  Michigan 
Central,  and  as  well  as  I  can  remember  that  was  about  the  status. 
So  that  the  question  was  to  devise  a  section  which  the  Committee 
considered  a  good  one  and  which  the  manufacturer  said  could  be 
easily  rolled.  Unfortunately,  the  sections  beyond  80  pounds  were 
matters  of  compromise  and  they  progressed,  as  you  know,  arith- 
metically, with  the  result  that,  in  my  judgment,  we  have  less  satis- 
factory results  as  the  weight  has  increased.  We  are  now  at  a  point 
when  I  think  w^e  ought  first  to  make  a  radical  departure  in  the 
design  of  the  heavier  sections;  but  it  will  not  do  a  bit  of  good,  no 
matter  what  may  be  the  design,  unless  the  manufacturers  wall 
make  it  carefully  and  put  good  steel  into  it;  and  in  my  judgment, 
based  on  many  years'  experience,  they  cannot  do  that  unless  they 
take  more  time  in  the  operations  incident  to  the  making  than  is 
now  generally  the  case.  ]Mr.  P.  H.  Dudley  referred  to  the  fact  that 
the  results  which  were  obtained  from  rails  made  when  time  was 
taken  between  the  pouring  of  the  steel  from  the  converter  into  the 
ladle,  and  the  teeming  of  that  steel  into  the  ingot,  were  much  more 
satisfactor}' than  they  have  been  since  such  practice  was  abandoned. 
All  of  us  who  have  made  special  steels  by  the  Bessemer  pro- 
cess, understand  the  importance  of  giving  the  metal  time  for  thor- 
ough chemical  reactions,  and  for  the  escape  of  the  gases.  We 
learned,  and  practised  this  when  making  gun-barrel,  axle,  and  drill 
steels.  We  found  that  we  had  to  take  time.  I  remember  one 
thing  that  we  practised  at  Troy  in  making  these  special  steels 
which  was  of  great  value  to  us;  it  w^as,  using  the  staves  from  the 
barrels  in  w^hich  our  ferro-manganese  had  been  imported.     They 
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were  barrels  in  which  kerosene  oil  had  been  shipped  abroad,  and  Mr.  Hunt. 
the  foreigners  used  them  to  ship  the  ferro-manganese  back.  The 
wood  was  well  saturated  with  kerosene  and  we  found  that  by  saw- 
ing those  staves  in  two  and  throwing  them  into  the  molten  steel 
while  in  the  pouring  ladle,  we  obtained  sound  ingots  from  which 
we  rolled  steel  that  the  Winchester  Company,  Smith  and  Wesson, 
the  United  States  Government,  and  others,  used  with  satisfaction, 
and  found  free  from  slag  or  blow-hole  defects.  Rail  making  is  not 
so  far  away  from  this,  and  it  is  just  about  as  important  that  we 
should  take  as  much  pains  in  making  a  rail  suitable  for  the  duty  it 
has  to  perform,  as  we  did  in  making  a  gun  barrel  with  which  some- 
body was  to  be  killed. 

I  say,  with  all  due  respect  to  my  friends,  the  rail  makers,  they 
will  have  to  build  more  mills  to  produce  the  same  tonnage.  They 
know  as  well  as  I  do  that  time  is  an  element  which  they  are  trying 
to  ignore.  It  reminds  me  of  the  experience  that  happened  to  a 
young  mechanic  we  had  in  Johnstown  years  ago.  He  was  a 
molder,  and  was  the  best  one  we  had  at  the  Cambria  Works.  The 
work  there  was  on  machine  castings  entirely.  W^ell,  he  got  too 
large  for  his  field,  and  in  those  days  Troy  was  the  center  of  the 
stove  industr}^,  so  he  concluded  he  would  go  to  a  place  where 
expert  and  rapid  workmen  were  appreciated.  He  secured  a  job  in 
Troy,  but  in  a  couple  of  weeks  was  back  at  the  Johnstown  foundry. 
Somebody  asked  him,  "What  is  the  matter?"  Couldn't  you  keep 
up  with  those  Troy  fellows  ? "  He  replied,  "Keep  up?  Why  if 
you  stopped  to  spit  you  were  just  that  much  behind  at  night." 
And  so  it  is  in  the  rail  mills :  any  fellow  who  turns  his  head  there 
is  lost.  Now  that  won't  do.  In  the  old  days  we  found  it  necessary 
to  take  time,  and  I  believe  nothing  has  happened  to  rrake  it  dif- 
ferent now.  We  then  took  time  in  blowing  the  steel ;  we  took  time 
in  pouring  it;  and  then  in  rolling  it.  The  rolls  were  of  smaller 
diameter,  the  engines  were  of  less  power,  therefore  the  reductions 
had  to  be  lighter;  and  when  defects  were  found  after  the  steel  was 
reduced  into  the  shape  of  a  bloom,  they  were  chipped  out.  That 
has  all  been  abandoned,  simply  because  it  took  time,  held  down 
the  product,  and  of  course  increased  the  cost.  The  rails  which  are 
now  made  are  of  larger  sections,  and,  of  necessity,  receive  less  work 
than  did  the  smaller  ones.  Then  we  have  put  in  larger  diameter 
rolls,  increased  the  power  of  the  engines  driving  them,  and,  worst  of 
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Mr.  Hunt,  all,  rcduccd  the  number  of  passes  used  in  rolling  the  rails.  So  that 
as  we  have  gone  away  from  the  work,  and  gone  away  from  the  pos- 
sibility of  work,  we  have  decreased  that  which  the  steel  should 
receive,  and  given  that  which  it  does  get  in  the  worst  possible  way. 
It  will  be  observed  in  a  modern  mill  that  as  the  ingots  are  drawn 
through  the  first  passes  of  the  blooming  rolls  in  a  large  majority  of 
cases,  there  will  develop  large  cracks  running  across  the  entire  face 
of  the  ingots.  Now  there  is  no  subsequent  operation  of  the  rolling 
process  that  will  weld  those  cracks  up.  The  cracks  are  elongated, 
and  may  apparently  disappear,  but  the  defects  are  still  there,  and 
I  believe  that  many  a  subsequent  mysterious  failure  of  rails  made 
from  such  ingots,  if  we  could  trace  it  back,  would  be  accounted  for 
by  the  cracks  developed  in  the  blooming  rolls. 

But  first  let  us  have  a  section  without  so  much  of  the  metal  in 
the  head,  and  with  more  in  the  flange,  so  that  the  structural  strains 
that  have  been  referred  to  will  not  be  developed  to  so  great  an 
extent;  and  what  is  of  quite  equal  importance,  the  whole  rolling 
process  can  be  conducted  at  a  lower  temperature. 

There  are  some  points  in  these  proposed  specifications  which 
I  must  beg  leave  to  criticize  adversely.  In  the  first  place,  Clause  3 
states  the  drop  test  shall  be  one  piece  taken  from  each  fifth  blow  of 
steel.  I  have  always  been  radically  opposed  to  that,  because  if  it  is 
necessary  or  important  to  have  a  drop  test  at  all,  you  should  have  it 
from  every  blow;  and  the  only  argument  that  is  offered  against  it  is 
that  it  will  add  to  cost  and  interfere  with  the  product  of  the  works, 
because  it  will  take  time.  Now  that  is  not  exactly  a  correct  state- 
ment, because  if  it  is  necessary  there  is  nothing  in  the  world  to  pre- 
vent works  having' more  than  one  drop-testing  apparatus.  Com- 
pared with  the  total  cost  of  the  plants,  such  an  addition  would  be 
very  insignificant,  and  with  it  they  would  not  be  delayed  while  wait- 
ing for  tests.  But  what  is  the  use  of  having  it  at  all  if  you  can  only 
have  it  every  fifth  heat  ?  You  might  about  as  well  have  it  once  or 
twice  a  day,  one  in  the  morning,  and  then  again  in  the  afternoon, 
and  if  those  proved  satisfactory,  we  would  assume  everything 
between  must  have  been  right.  One  test  out  of  ever}^  fifteen  tons 
is  infrequent  enough,  without  multiplying  that  by  five.  Therefore 
I  am  radically  and  positively  opposed  to  that  clause.  I  think  there 
should  be  a  drop  test  from  each  blow  of  steel. 

Then  as  to  the  finishing  temperatures.  Clause  4,  while  that 
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perhaps  is  worded  as  well  as  we  can  get  it  just  now,  I  believe  we  Mr.  Hunt. 
will  soon  be  more  radical,  and  instead  of  leaving  the  speed  of  the 
train  and  the  number  of  passes  indefinite,  as  it  is  here,  limiting  it 
simply  by  a  finishing  temperature,  it  will  be  brought  about,  through 
conferences,  and  otherv\'ise,  that  the  number  of  passes  and  heat 
treatment  will  be  specified;  because  I  am  positive  it  is  a  mistake  to 
assume  that  anything  of  the  structure  of  steel  can  have  the  same 
thing  accomplished  in  the  changing  of  that  structure  regardless  of 
the  application  of  heat  and  force.  In  other  words,  we  will  take 
an  ingot  that  is,  say  22  inches  by  20  inches  square,  and  we  know  it 
has  a  very  coarse  cr}-stalline  structure.  Now  is  it  illogical  to 
assume  that  if  we  take  a  large  number  of  passes  and  slow  reductions 
to  bring  that  metal  down  to  an  area  of  8  inches  square,  we  will  not 
get  different  results  than  if  we  brought  it  dowTi  through  the  applica- 
tion of  greater  force  in  a  much  smaller  number  of  reductions? 
I  am  ver}'  positive  that  is  true.  The  fact  that  the  present  reduc- 
tions tear  the  metal  is  evidence  that  it  should  be  treated  differently. 
Small  reductions  will  not  so  rupture  it.  At  present  I  haven't  any- 
thing to  oft'er  as  to  the  number  of  passes,  but  I  believe  that  the 
conferences  which  are  to  take  place  between  the  purchasers  and 
makers  will  lead  to  some  important  changes  in  this  part  of  the 
process. 

Now,  Mr.  President,  if  it  is  going  to  cost  more  money  to  do 
this  let  us  treat  the  question  fairly.  If  $28.00  a  ton  is  not  enough, 
let  the  makers  show  their  hands,  and  state  what  will  be  enough, 
and  then  it  will  be  up  to  our  friends,  the  railway  companies,  to  say 
whether  they  will  pay  it.  I  am  sure  they  want  the  makers  to  make 
a  handsome  profit,  as  they  deserve  to  do,  but  they  also  want  them 
to  give  them  something  in  return.  We  don't  want  cotton  velvet 
when  silk  velvet  is  proper  and  paid  for. 

Section  6.  I  think  we  should  change  that  somewhat,  for  the 
analysis  of  the  average  of  a  turn's  work  is  not  close  enough ;  because 
it  is  not  the  average  that  you  get  in  the  rails ;  it  may  be  one  heat  Qi 
steel  that  had  phosphorus  or  other  elements  beyond  the  limit. 
With  the  quick  analytical  process  that  we  now^  have,  this  ought  to 
be  treated  in  some  closer  wav.  In  other  words,  I  think  it  is  just  as 
necessar}'  to  know  the  phosphorus  in  ever}'  heat  as  it  is  to  know  the 
carbon. 

Section  7.  That  I  have  already  referred  to,  because  I  do  not 
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Mr.  Hunt,   think   the    so-calkd    Amtrican    Society   sections   are    the   proper 
ones. 

I  am  glad  to  sec  that  the  Committee  have  modified  their  action 
and  adopted  that  five  inches  restraint  in  regard  to  the  line  of  the 
rail  when  it  comes  from  the  hot-bed.  Undoubtedly  we  all  recognize 
the  great  damage  which  is  done  to  the  rails  in  the  cold-straightening 
press  by  the  gagging,  and  I  know  that  all  of  us  who  are  familiar 
with  the  operation  have  frequently  seen  rails  hit  fearful  blows;  for 
instance,  a  rail  33  feet  long  could  be  hit  near  one  end  a  blow  suffi- 
ciently hard  to  make  the  other  end  jump  through  an  arc  of  18 
inches.  Now  is  there  any  wonder  that  something  deleterious  to 
that  steel  took  place  at  the  time  that  blow  was  struck,  and  is  it  any 
wonder — that  blow  was  struck  where  the  drill  holes  were  to  come, 
the  bolt  holes — is  it  any  mystery  if  that  rail  breaks  without  any 
seeming  cause  ?  That  fracture  was  started  at  the  mill.  And  just 
now  the  epidemic  break  is  the  crescent  shape  one  coming  out  of  the 
flange.  In  almost  all — in  seventy-five  per  cent,  of  the  cases — it 
will  be  found  that  there  is  a  lap  in  the  steel  at  the  base  of  that  break. 
That  comes  from  the  design  of  the  rolling  passes  aggravated  by  the 
cold  gagging.  You  can  always  find  on  any  rail  after  it  has  lain  a 
short  time,  that  the  metal  has  been  disturbed  by  the  gagging,  and 
the  mark  is  in  the  shape  of  those  breaks.  In  my  judgment  a  ver}' 
large  number  of  failures  come  from  undue  work  in  the  cold- 
straightening  press.  I  think  the  limitation  of  five  inches  is  a  ver}^ 
moderate  one.  The  American  Railway  Engineering  and  ]Main- 
tenance  of  Way  Association  have  made  it  three  inches.  It  w^ill 
insure  more  careful  work  at  the  mills  and,  perhaps,  not  quite  as  fast 
work.  They  must  have  more  hot-bed  room,  they  must  take  more 
pains  in  cambering  the  rails,  in  fact  more  care  in  all  the  details  of 
hot-straightening  than  they  have  in  the  past. 

The  specification  as  it  applies  to  No.  2  rails  I  think  is  wrong. 
The  Pennsylvania  Railroad  designation  of  No.  2  rails  has  been 
accepted  as  a  trade  one  for  years,  and  many  specifications  have 
been  drawn  so.  I  have  always  recognized  it  in  any  which  I  have 
prepared.  It  limits  the  depth  of  the  permitted  defects  in  the  flange 
and  in  the  head,  and  the  number  of  them.  These  specifications 
have  no  such  details,  and  would  permit  rails  that  have  failed  under 
the  drop  tests  to  be  taken  as  No.  2  rails.  Such  rails  are  not  of 
necessity  defective.     They  may  be   perfect  in   contour  without 
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checks  or  flaws.  If  taken,  they  go  out  on  the  road  and  their  iden-  Mr.  Hunt, 
tity  as  No.  2  rails  may  become  lost.  The  track  master  thinks  the 
rail  a  good  one,  and,  unknowingly  perhaps,  puts  it  where  it  or  no 
other  No.  2  rail  should  go.  Therefore  I  think  the  characterization 
of  the  No.  2  rail  should  be  made  more  definite,  and  a  permanent 
marking,  by  prick  punching  or  otherwise,  specified. 

I  most  seriously  object  to  putting  the  acceptable  quantity  of 
second  quality  rails  at  10  per  cent.,  since  5  per  cent,  is,  and  has  for 
a  number  of  years  been,  the  quantity  which  the  railways  have  agreed 
to  accept.  It  will  be  recalled  that  in  the  earlier  history  of  the 
steel-making  industry  in  this  countr}-,  the  Eastern  roads  did  not 
accept  any  second  quality,  but  the  Western  ones  practically  always 
accepted  5  per  cent,  and  it  will  also  be  recalled  that  the  former 
contracts  read  that  5  per  cent,  of  seconds  would  be  accepted  in 
addition  to  the  quantity  specified  in  the  contract,  if  they  were  made 
while  the  contract  was  being  filled.  This  limitation  was  gradually 
eliminated,  until  of  late  years  it  has  generally  been  specified  that 
5  per  cent,  of  seconds  would  be  accepted.  I  feel  ver}'  positive  that 
the  railways  will  object  to  having  that  quantity  doubled,  and  I  do 
not  see  why  it  should  be.  It  is  supposed  that  second  quality  rails 
are  used  on  sidings,  and  in  yards,  and  they  certainly  should  never  be 
put  into  a  main-line  track.  If  this  practice  is  strictly  adhered  to, 
of  course,  the  quantity  which  can  be  legitimately  used  is  limited. 

While  I  will  admit  that  in  the  production  of  the  heavy  sec- 
tioned rails,  there  will  be  a  greater  percentage  of  second  quality  ones 
•produced  than  in  the  rolling  of  lighter  sections;  at  the  same  time 
I  know  that  there  are  mills  now  rolling  heavy  sections  whose  per- 
centage of  second  quality  rails  does  not  exceed  the  5  per  cent,  limit; 
and  certainly  we  do  not  want  to  put  a  premium  on  the  production 
of  undesirable  rails. 

Mr.   H.   y.  WiLLE. — The  following  conditions  govern   the  Mr.  wiiie. 
service  of  a  rail: 

1 .  Chemical  and  physical  properties  of  the  rail  itself. 

2.  The  design  of  the  rail. 

3.  The  ballast  and  condition  of  roadbed. 

4.  The  weights  the  rails  are  required  to  sustain. 

Chemical  and  Physical  Properties. — This  Society  is  more 
directly  concerned  with  these  features  than  with  any  other,  and 
they  have  been  the  source  of  the  most  discussion.  It  is,  how- 
ever, one  that  can  be  most  readily  determined  upon  and  fixed. 
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Mr.  WiUe.  If  rails  arc  made  from  material  of  an  appro wd  composition  it 
then  remains  to  give  the  ingots  a  sufficient  reduction  in  rollings 
to  finish  them  at  a  sufticiently  low  temperature  and  to  discard 
enough  from  the  ingot  to  insure  a  good  rail.  These  features  can 
be  and  should  be  all  definitely  fixed  in  a  specification  and  there 
should  be  no  option  whatever  allowed.     If  it  is  necessary  to  dis- 
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Fig.   I.* — Increase  in  Weight  of  8-Wheel  Locomotives. 

card  2o  per  cent,  it  should  be  positively  fixed  in  the  specifications. 
It  is  altogether  wrong  to  specify  5  per  cent,  and  to  give  the  pur- 
chaser the  privilege  of  specifying  a  greater  discard  provided  an 
additional  price  is  paid.  It  is  not  necessar)^  to  specify  a  proviso 
of  this  kind,  for  every  purchaser  has  a  natural  right  to  it  and  may 
exercise  it  regardless  of  specifications,  and  such  a  qualifying  clause 
only  stands  as  an  apology  for  the  specified  discard. 

The   limitations   on   impurities   in   rails   have   been   rather 
definitely  fixed  for  a  number  of  years.     There  has  been  a  decided 

*  Acknowledgment  is  made  to  the  Railway  and  Engineering  Review 
for  the  cuts  used  in  this  paper. 
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tendency,  however,  to  use  a  steel  of  a  higher  carbon  than  formerly,  Mr.  wiiie 
especially  in  the  lighter  sections.  There  is  no  reason,  however, 
for  the  proposition  of  making  the  heavier  rails  of  lower  carbon 
than  the  lighter  sections.  If  the  higher  elastic  limit  of  the  .60 
carbon  steel  is  preferable  for  the  lighter  sections,  it  is  equally  advan- 
tageous for  the  heavier  sections,  and  affords  an  additional  margin 
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Fig.  2. — Increase  in  Weight  of  lo- Wheel  Locomotives. 

of  safety.     If  the  higher  carbon  is  used  on  account  of  wear  there 
should  be  no  distinction  in  carbon. 

Inasmuch  as  aU  weights  of  rails  are  rolled  from  the  same  size 
ingot  there  is  much  less  work  of  reduction  on  the  hea^y  rails  than 
upon  the  lighter  sections.  This  will  not  only  affect  the  wear  but 
also  the  brittieness.  The  present  specifications  do  not  go  far 
enough.    They  should  not  onh  specify  the  chemistry  and  physical 
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Mr.  wiiie.  tests,  but  they  should  also  definitely  specify  the  discard  and  the 
amount  of  reduction  from  the  ingot.  If  this  is  done  the  drop  test 
is  merely  a  check  and  assumes  minor  importance. 

There  is  but  little  accurate  data  available  upon  which  to  base 
the  design  of  a  rail.  It  is  well  known  that  the  weight  of  rolling 
stock  has  increased  enormously  during  the  past  decade  but  j 
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have  never  seen  exact  figures  on  this  subject.  This  is  not  only 
true  of  locomotives  but  of  cars  as  well.  The  locomotive  weights 
have  been  considered  of  first  importance  in  deciding  upon  the  type 
of  rail  that  is  to  be  emph^yed  on  account  of  being  heavier  than 
cars.  The  weights  of  cars,  however,  should  be  gi\en  more  prom- 
inence than  they  are  given,  as  the  load  is  more  intensely  concen- 
trated than  those  in  locomotives,  because  of  the  smaller  diameter 
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of  the  wheels.     When  cars  pass  certain  points  on  the  rail  the  loads  Mr.  WiUe. 
are  repeatedly  applied  and  it  is  the  repeated  application  of  loads 
that  induces  fatip;ue.      For  instance,  in  a  one-hundred-car  train 
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with  four-wheel  trucks,  the  carloads  are  applied  four  hundred 
times  in  rapid  succession. 

There  does  not  appear  to  have  been  any  systematized  effort 
to  ascertain  whether  the  strength  of  the  rail  has  increased  in 
the  same  proportion  to  the  increase  in  rolling  stock  loads,  and  as 
a  first  step  in  this  direction,  I  have  tabulated 
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Mr.  Wiiie.  I.  The  total  weight  of  engine, 

2.  The  total  weight  on  drivers, 

3.  The  average  axle  load, 

4.  The  per  cent,  increase  of  loads, 

for  each  type  of  road  engine  which  was  built  by  the  Baldwin 
Locomotive  Works  for  the  years  of  1885  to  1890,  1895  to  1900,  1905 
and  for  the  first  half  of  1907.  I  have  shown  these  results  in  tabu- 
lar form  and  have  also  plotted  them  in  the  diagrams  presented 
herewith.     All  engines  for  export,  as  well  as  those  built  for  switch- 
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mg,  logging,  mining  and  industrial  service  have  been  eliminated. 
The  diagrams  show  that  the  typical  American  passenger  and 
freight  engines  have  increased  90  per  cent,  since  1885,  both  in 
axle  loads  and  in  total  weight  on  drivers.  During  the  first  ten 
years  the  Consolidation  engine,  which  is  the  favorite  freight  engine 
of  the  present  day,  increased  but  7  per  cent.;  the  Mogul  engine, 
which  was  largely  used  for  a  freight  engine  in  the  decade  of  1880 
to  1890,  increased  17  per  cent.,  while  the  ten- wheel  engines 
increased  49  per  cent.  The  latter  engines  practically  attained 
their  greatest  weight  during  the  period  from  1895  ^^  1900.     During 
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this  period  the  Mogul  and  ConsoHdation  engines  increased  60  per  Mr,  wuie. 
cent,  in  weight,  and  from  1900  all  these  classes  converge  to  a  com- 
mon point  of  an  increase  of  about  85  per  cent. 

These  diagrams  indicate  that  the  next  step  was  the  employ- 
ment of  a  greater  number  of  driving  wheels.  This,  in  fact,  has 
been  the  tendency  of  a  number  of  roads  during  the  past  few  years, 
the  Atchison,  Topeka  and  Santa  Fe  Railway,  the  Northern 
Pacific  and  Great  Northern  being  the  pioneers  in  this  field. 


eaooo 

SQOOO 

^^ 

"" 

40.000 

^ 

^ 

^ 

^ 

zaooo 

^^ 

^ 

ZQOOO 

tQOOO 

Curve  Showing  f/ie  Increased 
flvemgB  Weight  on  each  JJxie . 

At/eS  I8B5  1390  I89S  1900  1905  1907 

Fig.  6. — Increase  in  Average  Axle  Loads. 


In  1885,  the  American  type  4-4  engine  was  the  standard 
passenger  engine,  having  about  40,000  pounds  on  drivers,  and  the 
Mogul,  or  ten- wheeler  with  68,000  pounds  on  drivers,  the  standard 
freight  engine.  In  1895  these  types  were  stiU  largely  employed, 
the  former  having  reached  68,700  pounds  and  the  latter  99,400 
pounds  on  drivers.  In  this  decade  the  Atlantic  type  engine  was 
brought  out  with  80,000  pounds  on  the  drivers. 

In  1900,  the  American  t^-pe  engine  was  almost  entirely  super- 
seded by  the  Atlantic,  Pacific  and  ten-wheel  types  of  engines, 
having  85,000  pounds  on  drivers  for  the  former,  and  1 18,000  pounds 
for  the  latter.     During  this  decade  the  Consolidation,  with  157,000 
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Mr.  Wiiie.  pounds  on  drivers,  almost  superseded  the  lighter  types  of  engines 
previously  used. 

The  decade  of  1905  witnesses  the  advent  of  the  Santa  P'e 
type  engines  and  of  the  Mallet  Compounds  with  233,000  and 
316,000  pounds  respectively  on  drivers,  while  the  Atlantic  and 
Pacitic  types  have  almost  monopolized  the  passenger  tratlic. 

It  will  be  thus  seen  that  while  the  total  weights  and  axle  loads 
are  both  increasing  there  is  a  tendencv  to  distribute  the  load  among 
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Fig.   7. — Percentages  of  Increase  in  Weight  of  8- Wheel  and 
Mogul  Locomotives. 


a  greater  number  of  wheels  as  has  already  been  done  by  the  three 
roads  mentioned. 

Fig.  I  shows  the  increases  in  total  weight,  weight  on  drivers 
and  average  weight  per  axle  for  eight-wheel  locomotives.  It 
will  be  seen  that  the  maximum  figures  were  reached  in  1905,  since 
which  time  there  has  been  a  decided  falling  off,  owing  to  the  practi- 
cal abandonment  of  this  type  of  locomotive  in  favor  of  Atlantic, 
Pacific  and  Prairie  locomotives  for  passenger  service  on  lines 
of  heavy  traffic.     The  highest  driving  axle  loads  are  45,000  pounds. 

Fig.  2  shows  the  same  data  for  ten-wheel  locomotives  (4-6-0). 
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The  average  total  weight  has  increased  from  87,000  pounds  to   Mr.  wuie. 
161,000  pounds,  or  85  per  cent.,  and  the  average  weight  on  drivers 
has    increased  from  65,000  pounds  to  122,000  pounds,  or  88  per 
cent.     The    average    weight   on   each   driving   axle    was    21,900 
pounds  in  1885  and  40,600  pounds  in  1907. 

Fig.  3  is  for  Mogul  engines.  The  average  total  weight 
increased  from  85,000  pounds  to  154,000  pounds,  or  8^  per  cent., 
and  the  weight  on  drivers  from  70,000  pounds  to  133,000  pounds, 
or  90  per  cent.  The  driving  axle  weights  rose  from  23,500  pounds 
in  1885  to  44,000  pounds  in  1907. 

Fig.  4  is  for  Consolidation  (2-8-0)  locomotives.     The  average 
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Fig.   8. — Percentages  of  Increase  in  Weights  of  lo-Wheel  and 
Consolidated  Locomotives. 

total  weight  increased  from  112,000  pounds  to  200,000  pounds, 
or  79  per  cent.,  and  the  average  weight  on  drivers  increased  from 
97,000  pounds  to  179,000  pounds,  or  85  per  cent.  The  driving 
axle  weights  rose  from  23,250  pounds  in  1885  to  44,750  pounds 
in  1907. 

Fig.  5  shows  the  increased  maximum  axle  loads,  the  highest 
in  1885  being  24,000  pounds  and  the  highest  in  1907  being  53,500 
pounds.     The  increase  is  123  per  cent. 

Fig.  6  shows  average  axle  weights  for  all  types  of  locomotives, 
the  increase  in  22  years  being  from  21,500  pounds  to  45,500  pounds, 
or  112  per  cent. 
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Mr.  WiUe. 


Figs. 


/  and  8  show  the  data  tabulated  as  percentages. 
These  diagrams  are  \ery  interesting  and  I  will  briefly  recapit- 
ulate their  significance. 

I.  The  average  total  weight  on  drivers  has    increased  from 
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about  69,000  pounds  in  1885  to  over  180,000  pounds  in  1907,  and 
has  reached  a  maximum  of  316,000  pounds. 

2.  The  average  axle  load  has  increased  from  22,000  pounds 
in  1885  to  48,000  pounds  in  1907. 

3.  The  percentage  of  increase  for  the  various  classes  of 
engines  all  converge  toward  a  common  point  showing  that  the 
increase  is  being  cared  for  by  distribufng  it  among  a  greater 
number  of  drivers. 
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It  would  throw  a  great  deal  of  light  on  the  rail  matter  if  data  Mr.  wuie. 
similar  to  that  which  I  have  collected  for  locomotives,  be  tabulated 
for  freight  and  passenger  cars  and  for  weight  and  strength  of  the 
rail  section,  and  such  figures  would  give  our  engineers  reliable 
statistics  upon  which  to  base  their  deductions. 

Mr.  J.  E.  Howard. — It  is  desired,  during  the  coming  fiscal  Mr.  Howard, 
year,  at  Watertown  Arsenal,  to  devote  attention  to  questions 
pertaining  to  iron  and  steel,  beginning  with  the  ingot  and  following 
the  processes  of  working  through  the  successive  stages  of  manu- 
facture, and  it  would  seem  that  the  resources  of  the  laboratory 
might  be  utilized  in  the  direction  of  questions  pertaining  to  steel 
rails.  The  examination  should  preferably  begin  with  the  metal 
in  the  ingot,  since  it  seems  to  be  established  that  in  the  case  of 
certain  defects,  that  is  those  of  structural  continuity  or  the  lack  of 
the  same,  that  subsequent  treatment  may  in  a  degree  obscure  these 
defects,  but  not  obliterate  them.  In  the  examination  of  a  few 
ingots  the  lack  of  structural  continuity  has  been  a  pronounced 
defect,  and  such  defects  are  shown  in  photographs  which  have  been 
prepared. 

In  taking  up  the  matter  of  ingots  and  proceeding  to  the  finished 
product,  it  would  afford  the  Arsenal  authorities  great  pleasure  to 
assist  in  any  manner  toward  solving  the  current  questions  pertain- 
ing to  steel  rails,  and,  furthermore,  it  would  promote  the  Arsenal 
investigations  to  have  the  assistance  and  co-operation  of  rail- 
makers  and  users  in  the  procurement  of  the  necessar}-  material. 

Mr.  C.  S.  Churchill. — According  to  my  way  of  thinking  Mr.  Churchm. 
and  looking  into  the  matter  of  rail  failures  on  our  road,  we  do  not 
entirely  agree  with  Mr.  Webster  in  his  conclusions.  The  part  of 
his  conclusions  relative  to  changing  the  section  of  the  rail  so  as  to 
make  the  head  and  base  more  nearly  equal  we  do  agree  with.  But 
the  idea  that  the  head  must  be  enlarged  in  order  to  counteract  the 
shearing  strain  produced  by  the  rolling  load  we  do  not  agree  with ; 
and  I  do  not  believe  it  can  be  possibly  proven  that  the  steel  that  we 
are  getting,  or  rather  that  we  are  specifying  and  expect  to  get  from 
the  mills,  if  we  do  receive  it,  does  not  have  the  proper  strength  to 
carry  those  loads.  It  seems  to  me  that  the  proof  of  this  position  is 
very  clear,  if  we  bear  in  mind  that  railroads  do  not  step  up  to  the 
higher  section  of  rail  at  one  time.  It  takes  a  long  period  of  years 
to  step  from  a  light  rail  to  a  heavier  rail.     For  example,  the  Norfolk 
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Mr.  Churchill,  and  Wcstcm  adopted  the  85-pound  rail  in  1894  as  their  standard, 
but  to-day  we  do  not  Jfind  85-pound  rails  over  the  entire  system.  In 
the  year  1898  some  75-pound  rail  was  bought,  irrespective  of  our 
standard,  for  a  section  of  road  where  light  traffic  at  that  time  was 
being  handled,  but  generally  85-pound  rail  has  been  purchased 
since  1894.  Now  if  the  conclusion  that  light  section  rail  was  too 
light  for  the  service  is  correct,  then  we  would  expect  that  the  lighter 
sections  that  still  remain  in  track  would  be  breaking  more  fre- 
quently than  the  heavier  sections.  Such  is  not  the  case.  Sixty- 
seven-pound  rail  still  in  track  does  not  break  as  often  as  some  of  the 
heavier  sections  recently  bought;  and  this  disproves  that  theor}\ 

Further,  upon  examining  sections  of  broken  rail  there  seem 
to  be  incipient  flaws  in  the  rail  that  do  not  develop  until,  in  some 
cases,  long  after  the  rail  has  been  in  use.  Dr.  P.  H.  Dudley's 
explanation  is  to  the  point,  and  agrees  exactly  with  our  findings. 
A  very  good  example  with  us  was  in  the  case  of  some  75-pound  rail 
that  we  put  in  track  in  a  straight  section  of  railroad  in  Ohio  in  1898. 
That  rail  has  given  us  very  good  ser\ace.  But  about  two  years  ago 
we  increased  the  weight  of  our  engines  on  that  particular  division 
by  only  ten  per  cent.  There  developed  suddenly  a  large  number 
of  breaks  in  that  rail.  Now  those  breaks  were  not  where  the  hea\^' 
strains  came,  but  they  were  generally  near  the  center  of  the  web. 
A  few  of  the  breaks  were  in  the  flange,  these  being  crescent-shaped. 
They  did  not  cause  us  much  trouble,  because  our  section  men 
discovered  them  when  they  first  appeared  as  a  ver\''  fine  hair-like 
crack  which  would  gradually  become  larger  and  rust. 

Now  to  my  mind  that  proves  conclusively  that  there  were 
incipient  flaws  in  those  rails  that  were  not  discovered  until  the  load 
came  on  them  that  was  just  enough  to  develop  the  flaws.  And  that 
is  again  the  explanation  why  Dr.  Dudley's  section  that  he  has 
passed  around  here  also  developed  and  broke  in  six  months.  We  had 
a  similar  case  recently,  in  which  a  passenger  train  on  an  85-pound 
rail  was  derailed,  and  the  break  looked  exactly  like  this  sample. 
In  six  months  time  this  particular  rail  broke  down.  There  is  no 
question  in  our  minds  whatever  but  that  this  was  a  flaw,  either  a 
blow-hole  or  a  crack,  a  ver}'  well-defined  flaw,  in  the  steel  when 
furnished  to  us.  The  heavier  traffic  of  to-day  develops  and 
enlarges  such  flaws  more  rapidly  than  under  conditions  of  a  few 
years  ago.     If  the  steel  is  homogeneous  and  good  as  we  expect  to 
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get  for  the  prices  we  pay,  and  after  the  inspection  we  give  it,  then  Mr.  churchm. 

we  would  not  have  such  breaks.     So  it  seems  to  me  that  we  want 

more  homogeneous  material.     How  are  we  going  to  get  it  ?     That 

is  the  problem  before  us.     If  it  is  to  change  the  section  that  is  the 

thing  to  do;  if  it  is  by  a  slower  process  of  manufacture  that  is 

another  step  to  make.     I  think  we  should  do  all  things  that  tend 

to  secure  more  homogeneous  material.     If  it  is  by  cutting  off  more 

material  from  the  top  of  the  ingots  we  should  by  all  means  do  it. 

I  do  not  believe  there  is  a  single  railroad  in  the  United  States  that 

would  fail  to  meet  the  exact  cost  that  the  mills  think  necessary  to 

produce  improved  material.     But  we  must  bear  in  mind  what  rails 

are  selling  for  elsewhere,  as  we  don't  want  to  be  overcharged. 

Mr.  J.  A.  KiNKEAD. — No  later  than  day  before  yesterday  I  Mr.  Kinkead. 
noticed  in  one  of  the  engineering  papers  a  statement  coming  from 
the  New  York  Railroad  Commission,  showing  the  breakages  of 
rails  during  the  years  1905,  1906  and  1907,  and  remarking  par- 
ticularly that  the  breakages  were  excessive  in  1907.  From  the 
New  York  State  Commission  I  obtained  an  itemized  statement,  a 
blueprint  which  they  issue,  which  was  not  for  the  year,  but  was  for 
the  three  months  of  Januar}^,  Februar}'  and  March,  which  con- 
stitute the  greatest  number  of  rail  failures.  In  1905  the  total 
failures  were  1,331;  in  1906  they  were  826;  in  1907,  3,104.  That 
is  for  the  three  months,  Januar}-,  Februar}^  and  March  for  the  three 
years.  It  is  rather  interesting  to  note  that  the  heaviest  breakages 
occurred  in  the  years  1905  to  1907.  In  the  years  1905  to  1907  the 
greatest  number  of  failures  was  reported  on  the  main  line  of  the 
Lake  Shore  road,  between  Buffalo  and  Cleveland,  which  is  about  as 
fine  a  track  and  roadbed  as  there  is  in  the  countr}\  The  number  of 
failures  on  this  line  in  1905  was  227,  and  the  next  highest  was  on 
the  main  line  eastern  of  the  New  York  Central,  which  I  believe 
is  from  Albany  to  New  York,  204  rails.  In  1905,  the  Lake  Shore 
dropped  down  to  34,  but  in  1907  the  number  again  came  up  to  505, 
and  this  was  the  banner  road  in  point  of  breakages.  The  New 
York  Central  came  next;  the  Eastern  Division  reporting  447. 
This  information  would  be  much  more  helpful  in  a  discussion  of 
this  kind  if  a  statement  could  be  obtained  showing  the  cause  of  the 
failures  in  the  different  cases. 

I  believe  that  the  large  number  of  rail  failures  is  due  to  pipes 
which  undoubtedly  come  through  from  the  ingot.     I  have  recently 
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Mr.  Kinkead.  had  occasion  to  cut  in  two  many  hundreds  of  blooms  weighing 
from  3,cxK)  to  4,000  pounds,  and  sometimes  as  much  as  4,400 
pounds.  These  were  ordinarily  made  one  from  a  single  ingot,  and 
as  the  ingots  weighed  from  5,500  to  6,500  or  7,000  pounds,  there 
generally  was  sufficient  discard.  We  found  that  in  some  of  the 
melts  examined  there  was  as  high  as  10  to  12  per  cent,  of  piped 
metal,  the  pipe  covering  15  to  20  per  cent,  of  the  total  billet  section. 
This  pro^•ed  in  a  way  that  the  pipe  is  not  only  in  the  top  of  the 
ingot  but  sometimes  extends  well  down,  possibly  all  the  w^ay 
through,  although  in  the  ordinary  shearing  of  the  billet  the  pipe  was 
not  in  evidence  at  all.  The  only  way  w^e  found  it  was  by  cold 
sawing  the  billets,  and  then  it  was  very  evident. 

Mr.  Bostwick.  jMr.  W.  A.  BosTWiCK. — Mr.  Talbot  refers  in  his  paper  to  a 

number  of  tests  made  of  open-hearth  rails.  If  I  am  correct  those 
open-hearth  rails  are  of  a  chemical  composition  that  we  would  not 
consider  for  an  instant  in  this  country  as  applicable  to  railroad 
service.  The  openh-earth  steel  that  is  used  in  England,  and,  in 
fact,  the  Bessemer  steel  that  is  used  in  England,  is  of  a  Ycry  much 
softer  grade  than  has  been  found  necessar\-  for  the  railroads  of  this 
country,  on  account  of  the  very  heavy  driving  wheel  loads,  etc.,  so 
that  I  hardly  think  that  the  material  to  which  Mr.  Talbot  has 
made  reference  would  meet  the  conditions  of  service  in  this 
country. 

Another  point  that  has  been  raised  here  is  the  time  elapsing 
between  the  manufacture  of  the  heat,  its  recarburization  and  the 
teeming,  and  I  should  appreciate  it  very  much  if  the  speaker  w^ho 
referred  to  that  could  give  me  an  idea  as  to  what  he  would  consider 
the  proper  amount  of  time  to  be  consumed  in  the  reaction. 

Mr.  Kenney.  Mr.  E.  F.  Kenney. — ^As  a  member  of  the  Committee,  I  do 

not  want  to  "knock"  these  specifications.  Some  portions  of  these 
specifications  were  honestly  compromised;  for  instance,  the  speci- 
fication as  to  the  straightening.  When  I  proposed  that  specifica- 
tion first  I  asked  for  three  inches,  and  I  still  think  that  three  inches 
is  quite  enough.  In  a  recent  day's  rolling  at  one  of  the  steel  mills, 
we  measured  the  camber  on  exery  rail  rolled  that  day,  and  they 
were  all  within  a  limit  of  three  inches.  So  it  is  very  evident  that 
with  a  careful  manipulation  of  cambering  steels  it  is  not  at  all  diffi- 
cult to  come  within  that  specification  of  three  inches.  The  rolling 
on  the  day  I  speak  of,  by  the  way,  was  not  a  w^ell-balanced  section. 


Genitral  Discussiox  ox  Steel  R.\ils.  113 

I  would  like  to  say  a  word  about  this  matter  of  section.  A  Mr.  Kenney. 
number  of  speakers  have  spoken  here  of  taking  the  metal  from  the 
head  to  put  it  in  the  base.  Now  when  you  consider  that  probably 
ninety  per  cent,  of  the  breakages  to-day  are  in  the  head,  I  think  it 
is  decidedly  unwise  to  rob  that  head  of  one  particle  of  the  metal. 
Unquestionably  the  base  should  be  altered  to  promote  a  more  even 
cooling  of  head  and  base,  but  the  additional  metal  required  for  this 
purpose  should  not  be  taken  from  the  head. 

]Mr.  p.  E.  Carh.\rt. — One  of  the  speakers  has  brought  out  Mr.  Carhart. 
the  element  of  time  and  the  speed  of  the  finishing  train  in  rolling 
rails.  Now,  we  have  the  same  engine,  the  same  diameter  of  roUs, 
tra^•cling  at  the  same  speed  to-day,  as  we  had  seventeen  years  ago. 
Then  we  obtained  from  40,000  to  45,000  tons  per  month;  now 
65,000  tons  per  month,  or  over.  Where  is  the  difference.  Then  it 
took  an  hour  and  a  half  to  change  the  roUs,  taking  out  one  roll  at  a 
time;  now  we  do  the  same  thing  in  twenty  or  thirty  minutes  by 
picking  up  a  full  set  of  rolls.  So  I  might  go  aU  along  the  line,  and 
cite,  for  the  same  soaking  pits  are  used,  the  same  converter,  in  short, 
the  same  lay-out,  but  it  has  been  the  cutting  out  of  delays  that  has 
enabled  us  to  get  the  higher  tonnage.  The  increase  has  not  been 
made  by  an  increase  of  speed  at  any  point;  the  increased  tonnage 
has  been  due  entirely  to  the  elimination  of  delays.  In  other  words, 
it  was  simply  keeping  our  train  occupied  and  full  of  steel,  instead 
of  being  idle  from  one-hah"  to  two-thirds  of  the  time.  Even  under 
present  conditions,  we  are  only  turning  out,  theoretically,  about 
50  per  cent,  of  what  said  mill  is  capable  of  producing. 

If  you  want  to  get  a  perfect  rail  section,  keep  your  rolls  full 
and  keep  your  mill  warm,  and  you  will  get  a  section  that  is  as  nearly 
ideal  as  it  is  possible  to  produce.  If,  on  Ihe  other  hand,  you  have 
delays,  your  roUs  and  beds  become  cold,  and  you  arc  apt  to  run  into 
conditions,  such  as  would  make  it  ver}-  difficult  to  camber  rails  so 
as  to  meet  the  requirements  of  your  present  specifications. 

A  great  deal  has  been  said  in  regard  to  moon-shaped  breaks. 
I  have  investigated  a  number  of  cases,  and  find  same  due  to  an 
impact  blow  from  an  off-counterbalanced  engine.  You  can 
measure  between  the  two  marks  on  the  rails,  and  by  calculation 
determine  the  diameter  of  the  driver,  and  if  you  are  well  enough 
acquainted  with  the  motive  power  on  that  road,  you  can  locate 
the  class  of  engine  that  is  doing  the  damage.     One  road  in  particu- 
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Mr.  Carhart.  lar  watchcs  its  rolling  stock  very  carefully,  and  when  a  broken  rail 
occurs  they  look  over  their  engines.  In  the  case  to  which  I  refer, 
the  engine  appeared  to  be  all  right,  yet  they  found  there  was  a  flat 
spot  on  one  of  the  drivers  for  a  distance  of  30  inches.  This  flat 
spot  showed  a  middle  ordinate  of  f  inch.  This  engine  was  put 
in  the  shop  and  the  drivers  turned  true,  and  the  rail  breakage  imme- 
diately ceased. 

I  have  had  occasion,  recently,  to  compute  the  impact  blow 
delivered  by  an  off-counterbalanced  engine,  running  at  a  speed  of 
ninety  miles  per  hour.  Although  it  was  one  of  the  latest  type  of 
engines,  yet  at  one  point  in  the  revolution  the  minimum  pressure 
on  the  rail  was  4,000  pounds,  and  at  another  point  the  maximum 
pressure  was  57,000  pounds.  This  enormous  pressure  is  dis- 
tributed over  an  area  of  only  about  one-half  square  inch,  hence  you 
can  see  what  a  tremendous  blow  can  be  delivered  in  high-speed 
traffic.  This  is  assuming  that  the  roadbed  is  in  perfect  condition. 
When  you  take  into  account  the  irregularities  of  track,  such  as  are 
due  to  the  freezing  of  the  ballast,  and  the  rolling  of  the  engine,  due 
to  this  irregularity  in  track,  the  maximum  pressure  delivered  by  an 
off-counterbalanced  engine  must  be  far  higher  than  that  which  I 
have  computed,  and  the  moon-shaped  breakages  are  largely  due  to 
this  impact  blow.  If  it  were  possible  for  you  to  determine  the 
maxi-Tium  intensity  of  pressure  in  impact,  as  accurately  as  you  can 
figure  the  stresses  in  a  bridge,  and  give  us  the  data,  I  think  we 
could  arrive  at  a  conclusion,  as  to  what  kind  of  a  section  to  design, 
that  would  meet  these  conditions  satisfactorily 
Mr.  Hunt  Mr.  Hunt. — Allow  me  to  say  a  few  words  in  reply  to  Air. 

Carhart,  as  I  presume  he  referred  in  some  of  his  remarks  to  what  I 
have  already  said.  The  day  before  yesterday  I  was  in  the  office  of 
the  President  of  the  Eric  Railroad  when  he  showed  me  some  photo- 
graphs representing  certain  sections  of  their  track.  Where  repre- 
sented by  these  pictures,  the  west-bound  track  is  laid  with  75- 
pound  rails,  while  the  east-bound  one  has  85-pound  ones.  He 
also  showed  me  photographs  of  broken  rails  which  had  all  been 
taken  from  the  east-bound  track.  Most  of  them  showed  the 
crescent-shape  breaks  from  the  flanges  which  have  recently  become 
so  prevalent.  It  will  be  appreciated  that  the  same  engines  run 
both  ways  over  this  road,  and  examination  of  these  crescent-shape 
breaks  showed  that  they  were  not  relative  to  the  re\-olutions  of  the 
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drivers,  as  in  many  cases  there  were  three  breaks  within  6  feet  of  Mr.  Hunt, 
each  other.      Undoubtedly  badly  counterbalanced  engines  have 
injured  many  rails,  and  in  that  and  other  ways,  I  do  not  think  the 
railway  people  have  been  entirely  innocent,  but  it  cannot  be  claimed 
that  they  are  responsible  for  all  of  the  rail  failures. 

In  regard  to  speed  of  product  in  the  rails  mills,  Mr.  Carhart's 
statement  is  quite  true  that  if  the  mill  is  running  smoothly,  so  far 
as  product  is  concerned,  it  is  an  evidence  that  it  is  running  well.  It 
undoubtedly  may  be,  so  far  as  output  is  concerned,  and  it  is  also 
true  that  a  mill  that  is  so  running  will  produce  better  work  than  if 
its  speed  were  by  spurts,  but  a  dangerous  condition  results  from 
the  fact  that  all  of  the  skilled  employes  of  a  rail  mill  are  paid  by  the 
ton,  based  upon  the  total  output  of  the  mill  during  the  time  they 
are  at  work.  Human  nature  is  apt  to  be  weak,  and  therefore  dan- 
ger exists  that  sometimes  the  fuU  running  of  the  mill  may  be  under 
what  can  be  designated  as  a  strained  condition.  In  other  words, 
the  quality  of  product  is  liable  to  be  ignored  for  the  sake  of  quantity. 

It  is  a  recognized  fact  that  for  the  proper  manipulation  of 
steel  ingots,  they  should  remain  in  the  soaking  pits  a  length  of  time 
proportionate  to  the  size  of  the  ingots,  and  I  think  it  has  happened 
that  sometimes,  for  the  sake  of  keeping  the  rail  rolls  supplied  with 
steel,  pressure  has  been  brought  to  bear  upon  those  in  charge  of 
the  heating,  and  perhaps  this  pressure  did  not  have  to  be  very 
severe,  to  ignore  this  question  of  time,  and  to  draw  the  ingots  from 
the  furnaces,  and  pass  them  through  the  rolls  in  N-er}'  much  less 
than  the  proper  time.  If,  for  instance,  90  minutes  should  be  taken, 
and  the  steel  is  drawn  after  it  has  been  in  the  furnaces  onh-  50 
minutes,  it  will  not  be  at  all  surprising  if  the  resulting  rails  are  not 
of  the  highest  quality.  I  think  it  will  not  be  hard  to  prove  that 
such  instances  have  occurred. 

Mr.    IMaNSFIELD     ^IeRRIMAN. — The   computations      of     Mr.    Mr.  Meniman. 

Bland  indicate  that  the  stresses  in  the  rails  are  not  too  high  even 
with  an  allowance  of  60  per  cent,  for  impact,  while  the  rcmarks-of 
Mr.  Carhart  indicate  that  60  per  cent,  is  a  very  small  allowance  for 
impact,  and  I  feel  disposed  to  agree  entirely  with  him.  Even  in 
the  case  of  bridge  members,  which  are  much  less  subject  to  impact 
than  railroad  rails,  60  per  cent,  is  not  considered  a  high  allowance. 
Upon  the  rail  there  is  all  the  increased  effect  of  suddenness  of 
application  and  also  other  stresses  due  to  vertical  oscillations  of 
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Mr.  Merriman.  the  load.  We  nccd  Only  to  recall  the  beautiful  experiment  made 
by  Professor  Goss,  in  which  a  wire  was  run  underneath  a  driving 
wheel,  a  portion  of  the  wire  being  crushed  and  another  portion  not; 
indicating  that  the  entire  wheel  had  been  elevated  by  an  improper 
counterbalance.  Now,  while  the  stress  of  8,000  or  10,000  pounds 
per  square  inch  for  a  span  of  24  inches,  with  a  100-pound  rail,  as 
indicated  by  ]\lr.  Bland,  is  about  right,  this  figure  is  for  the  static 
load.  But  if  the  wheel  load  of  25,000  or  30,000  pounds  be  sup- 
posed to  drop  through  the  small  height  of  to  of  an  inch,  my 
computations  indicate  that  the  static  stress  is  multiplied  by  7  or  by 
8,  so  that  the  true  stress  instead  of  being  8,000,  is  over  50,000 
pounds  per  square  inch.  It  may  also  be  expected  that  such  high 
dynamic  stresses,  due  to  irregularities  of  track  and  to  imperfect 
counterbalancing,  will  prevail  in  the  future  as  they  have  in.  the 
past 

Another  point,  which  has  not  been  spoken  of  and  which  I 
have  not  seen  referred  to  in  literature,  is  that  of  the  action  of  the 
splice  bars.  The  two  splice  bars  on  the  opposite  sides  of  the  rail 
are  connected  by  bolts  while  between  each  splice  bar  and  the  web 
of  the  rail  there  is  a  space  of  half  an  inch  or  more.  The  conse- 
quence is  that  when  the  lx)lts  are  screwed  up  tightly,  there  acts 
upward  upon  the  head  of  the  rail  a  force  which  tends  to  tear  the 
head  from  the  web,  and  also  each  side  of  the  head  is  brought  into 
action  like  a  cantilever  beam.  My  computations  indicate  that 
the  upward  pressure  that  can  easily  be  exerted  by  screwing  up  the 
bolts  is  sufficient  to  cause  a  tensile  stress  of  sorre  15,000  pounds 
per  square  inch  stress  in  the  web.  Simultaneously  also,  there  is 
produced  at  right  angles  to  the  web  a  flexural  stress  of  8,oco  or 
10,000  pounds  per  square  inch.  These  tM-o  stresses  act  upon  the 
unloaded  rail  in  the  fillet  joining  the  web  and  rail  head,  and  there 
is  also  a  third  flexural  stress  produced  by  the  wheel  loads.  Hence 
there  may  exist  three  stresses  in  the  fillet  at  right  angles  to  each 
other,  two  of  them  tensile  and  one  compressive,  or  sometimes  all 
three  may  be  tensile.  It  appears,  therefore,  that  the  action  of  these 
splice  bars,  when  screwed  up  tightly,  is  such  as  to  give  a  partial 
explanation  of  the  fact  that  there  are  many  breakages  at  the  ends 
of  the  rail.  Imagine  those  two  constant  tensile  stresses  that  I  have 
indicated,  together  with  the  alternate  one,  due  to  the  passage  of 
the  train,  and  it  is  not  difficult  to  understand  that  detail  fracture 
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will  begin  in  the  fillet  and  perhaps  increase  sufficiently  to  be  the  Mr.  Memman 
cause  of  rupture. 

The  remedy  for  the  present  breakages  of  rails,  as  far  as  I  have 
been  able  to  study  it,  does  not  lie  in  altering  the  shape  of  the  rail, 
for  it  seems  to  me  that  the  present  proportions  are  good  ones.  One 
remedy  would  be  to  put  the  cross- ties  nearer  together,  thus  reducing 
the  span.  Perhaps  another  remedy  would  be  to  make  the  splice 
bars  thicker,  so  that  they  would  almost  touch  the  web  of  the  rail; 
thus  the  leverage  of  the  vertical  force  against  the  lower  side  of  the 
head  of  the  rail  would  be  decreased,  and  the  initial  stresses  in  the 
web  and  head  of  the  rail,  due  to  screwing  up  the  bolts,  would  be 
rendered  smaller. 

Mr.  R.  Trimble. — When  I  accepted  the  Secretary's  invita-  Mr.  Trimble 
tion  to  come  to  this  meeting  and  take  part  in  the  discussion  of  this 
question,  I  told  him  that  I  did  not  expect  to  say  anything,  but  I 
would  like  to  say  to  Professor  Merriman  that  we  do  not  have  the 
trouble  that  he  speaks  of  with  splice  bars.  That  is  not  where  the 
rail  breaks.  We  did  have  trouble  there,  but  our  trouble  has  been 
for  quite  a  number  of  years  entirely  away  from  the  splice  bars. 
The  breaks  in  rail  occur  4,  8,  10  or  12  feet  away  from  the  joints. 
Out  of  TOO  rails  that  were  removed  on  a  certain  piece  of  railroad 
recently,  my  recollection  is  that  not  one  broke  at  the  splice. 

Mr.  G.  E.  Thackray. — Mr.  Chairman,  replying  to  the  remarks  Mr.  Thackray . 
of  the  last  speaker,  and  adding  my  voice  to  that  of  Professor  ]\rcrri- 
man  regarding  the  question  of  the  unit  stress  which  exists  in  a  rail, 
you  know  that  rails  are  not  statically  loaded.  A  unit  stress  of 
8,800  pounds  per  square  inch,  as  stated  to  exist  under  the  wheel 
loads  on  a  100-pound  rail,  including  an  allowance  of  60  per  cent. 
for  impact,  is,  I  think,  really  too  small;  as  against  which  actual 
tests  of  rails  in  use  show  that  this  stress  is  40,000  or  50,000  pounds 
per  square  inch,  under  conditions  as  measured,  not  to  say  how 
much  more  it  is  under  other  and  unmeasured  conditions.  We  also 
know  that  when  rail  material  which  stands  120,000  pounds  per 
square  inch  is  broken  in  use,  a  theory  of  the  stresses  dependent  on 
static  loading  is  of  no  value  whatsoever. 

Regarding  the  question  of  the  longer  life  of  the  lighter  sections 
of  rails,  while  there  may  be  some  reason  for  their  longer  wear  owing 
to  their  flexibility,  to  a  certain  extent,  there  is  another  and  better 
reason,  in  my  opinion,  and  it  is  this:  that  they  are  rails  which  by 
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Mr.  Thackray.  coursc  of  trial  and  Selection  have  stood  the  test  of  time  under  com- 
paratively light  traffic  and  loads.  The  bad  ones  of  that  size  have 
been  broken  or  worn  out  and  have  gone;  and  those  that  remain 
are  the  better  ones,  and  naturally  they  will  continue  as  against 
some  of  a  new  set  which  has  some  bad  ones  in  it,  and  the  new 
and  the  old  are  not  exactly  on  a  parallel   for  that  reason. 

Mr.  Churchill  has  told  us,  and  with  truth,  that  the  matter  of 
increase  of  the  section  of  the  rail  is  something  which  comes  about 
very  slowly  and  very  gradually.  Mr.  Wille  again  has  told  us  that 
in  the  last  twenty  years  the  wheel  loads  have  increased  three  times 
or  more.  In  some  cases  that  have  been  stated  to  us  the  weight  of 
the  rail  has  only  been  increased  by  ten  or  fifteen  pounds  per  yard 
as  against  an  increase  of  three  times  in  the  wheel  loads.  We  must 
admit,  that  in  their  desire  for  tonnage,  for  large  and  paying  traffic, 
the  railroads  have  increased  the  size  and  weight  of  cars,  they  have 
increased  the  size  and  weight  of  locomotives,  the  tonnages  have 
grown  wonderfully  and  the  speed  of  trains  almost  doubled,  while  at 
the  same  time  they  have  allowed  the  weight  of  their  rails  to  lag 
behind  and  have  not  increased  their  sizes  and  strengths  to  the 
standard  of  present  day  requirements.  Please  understand  that 
the  foregoing  is  not  said  in  a  contentious  spirit,  and  I  wish  to  add 
that  the  rail  makers  are  doing  their  utmost  and  will  continue  to  do 
everything  that  is  possible  towards  the  betterment  of  rail  quality, 
dependent,  of  course,  on  limited  conditions.  As  to  the  question  of 
specifications  that  was  introduced  by  the  chairman  of  our  com- 
mittee, I  think,  perhaps,  you  all  know  that  these  have  only  been 
arrived  at  by  some  years  of  study  and  argument,  and  it  is  only  verj' 
recently  that  they  have  got  into  their  present  fairly  satisfactory 
condition.  We  are  all  striving  for  ideals,  and  would  like  to  have 
the  best  rail  specifications  just  as  we  all  hope  to  be  angels  some  day, 
but  the  ideal  specifications  can  only  be  approximated  and  certainly 
none  of  us  want  to  be  angels  for  some  time  to  come. 

•  Mr,  Thackray. — Mr.  President,  a  short  time  ago  I  w^as  at 
a  station  waiting  for  a  train  that  was  a  little  late,  and  one  of  the 
maintenance-of-way  men  came  in,  and  he  explained  the  delay  by 
stating  that  some  of  the  men  on  a  freight  train  which  passed 
recently  had  neglected  to  unset  the  brakes  on  one  of  the  cars,  with 
the  result  that  one  car  was  skidding,  and  actually  fused  a  portion 
of  one  of  the  w^heels,  that  is,  melted  it  down  on  part  of  the  tread  and 
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flanges.  May  I  ask  from  railroad  men  if  occurrences  of  that  kind 
are  frequent  ? 

The  President. — Flat  spots  are  frequently  produced  in 
that  way. 

Mr.  Thackray. — Yes,  but  my  informant  explained  that 
a  portion  of  the  wheel  was  actually  fused  and  melted  away,  so  as 
to  produce  a  wreck. 

The  President. — I  don't  know  of  any  wrecks  produced  that 
way,  but  flat  spots  are  often  caused  by  sliding. 

Mr.  Kenney. — I  want  to  reply  to  Mr.  Thackray.  He  neg- 
lected one  point.  He  said  the  railroads  had  increased  the  sizes  of 
engines,  cars  and  all  their  equipments,  but  had  let  the  weight  of 
rails  lag  behind.  He  has  forgotten  just  one  point  to  make  it  com- 
plete and  that  point  is  the  fact  that  the  mills  have  bettered  the 
quality  of  the  metal  furnished  for  the  engines,  cars  and  in  fact 
nearly  everything  else,  but  the  quality  of  the  metal  in  the  rails  lags 
behind.  As  a  result  we  get  to-day  in  rails  a  grade  of  metal  that  has 
been  discarded  for  nearly  ever}'  other  use. 

Mr.  Thackray. — I  wish  to  take  issue  with  the  gentleman 
by  stating  my  belief  that  the  chilled  wheels  which  the  majority  of 
the  roads  use  to-day  are  not  as  good  as  they  were  years  ago  when 
charcoal  iron  alone  was  used. 

Mr.  M.  H.  Wickhorst. — I  should  like  to  sa}  something  on 
the  question  of  these  moon-shaped  brakes.  On  the  Chicago, 
Burlington  and  Quincy,  during  the  last  winter,  on  a  piece  of  track 
about  three  miles  long,  and  in  a  period  of  a  very  few  weeks,  as 
many  as  fifty  of  these  breaks  occurred,  and  I  submit  herewith  a 
copy  of  my  report  concerning  this  cause: 


Mr.  Thackray. 
The  President. 
Mr.  Thackray. 

The  President. 
Mr.  Kenney. 


Mr.  Thackray. 


Mr.  Wickhorst, 


Aurora,  III.,  June  5,  1907. 
Mr.  a.  W.  Newton, 

Inspector,  Permanent  Way  and  Structures,  Chicago,  Illinois. 
Dear  Sir: — 

I  give  below  report  covering  tests  we  have  made  of  eight  samples  of 
rails  which  broke  in  the  track  last  winter  west  of  Oregon,  111.  These  were 
Illinois  Steel  Company  85-pound  rails  laid  last  fall,  1906  rolling — months 
of  August,  September  and  October.  The  failures  occurred  mostly  during 
very  cold  weather  last  January  and  February,  and  the  examination  which 
was  made  by  yourself,  Mr.  Ustick  and  myself  on  the  ground  showed  the 
failures  to  consist  of  crescent-shaped  pieces  broken  out  of  the  base  of  the 
rail,  followed  in  good  many  cases  by  breaking  through  the  whole  section 
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ilr.  Wickhorst.  of  the  rail.  There  were  in  all  about  fifty  failures  most  of  which  occurred 
in  the  mile  west  of  mile  post  No.  104.  The  piece  of  track  along  here  has  a 
heavy  down  grade  eastward.  Mr.  Ustick  had  a  number  of  these  rails  sent 
to  Aurora  and  I  selected  for  laboratory  examination,  eight  samples  which 
were  broken  through  the  whole  section,  and  to  show  the  nature  of  the  break, 
I  enclose  laboratory  photograph  No.  185  (Fig.  r),  showing  pieces  from  five 


Fig.  I, 

different  rails.  The  two  pieces  showing  the  under  side  of  rail  are  from 
different  rails,  while  the  other  six  pieces  are  pairs  from  the  other  three  rails. 
Etching. — To  show  up  whether  there  was  any  piping  or  porosity  of 
the  structure,  I  arranged  to  have  sections  taken  near  the  point  of  failure, 
which  sections  were  polished  and  etched  with  acid.  I  enclose  laboratory 
photograph  No.  186  of  these  etched  sections  from  which  you  will  note  that 
no  piping  whatever  was  shown  up,  and  the  eight  samples  all  show  a  sound 
Structure,  except  that  sample  No.  3  showed  a  condition  of  sponginess. 
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Analysis. — We  have  made  analyses  of  samples  taken  from  the  heads   Mr,  Wickhorst. 
of  these  rails,  results  given  in  the  table  below,  and  for  comparison  I  also 
give  below  the  requirements  of  the  American  Railway  Engineering  and 
Maintenance  of  Way  Association  which  are  the  same  as  the  requirements 
of  the  American  Society  of  Testing  Materials. 


Analysis 

OF    StE 

EL  Rails. 

I 

3 

3 

4 

s 

6 

7 

8 

Specification 
A.R.E.&M.W 

Carbon 

Phosphorus 
Sulphur.. .  . 
Manganese. 

.52 
.09 
.06 
.98 

.480 
.092 
.043 
.930 

.  104 

.048 

1 .000 

.490 
.099 
.049 
.900 

.510 

.096 
.039 
.850 

.S40 
.101 
.064 
.900 

.S20 
.  100 
.029 

.95° 

•  SIO 

.100 

.040 

1. 1 50 

.43  to  .53 

.  10  maximum 

.80  to  1 .  10 

These  rails  meet  the  standard  chemical  requirements  except  in  a  few 
instances  where  the  variations  from  the  standard  requirements  are  not 
great. 

Tensile  Test. — We  have  made  tensile  test  of  samples  machined  from 
the  head  of  the  rail  using  standard  test  pieces  of  2 -inch  gauge  length, 
i-inch  diameter;  test  pieces  being  taken  from  the  middle  of  the  head.  For 
comparison,  we  also  arranged  to  take  short  pieces  from  the  head,  heat 
them  and  hammer  them  down  to  about  one  inch  in  diameter.  Similar 
test  pieces  were  then  machined  from  these  hammered-down  bars,  and  I 
give  below  a  table  showing  results  on  both  the  original  material  and  ham- 
mered-down material: 


No._  I 
No.  2 
No.  3 
N0.4 
No.  5 
No.  6 
No.  7 
No.  8 


Original 

Hammered  down 

Original 

Hammered  down 

Original 

Hammered  down 

Original 

Hammered  down 

Original 

Hammered  down 

Original 

Hammered  down 

Original 

Hammered  down 

Original 

Hammered  down 


Tensile 

Strength. 

Lbs.  per  sq.  in. 


100,290 
100,484 

99,600 
103.195 

108,350 
110,983 

100,500 
100,249 

112,300 
106,340 

106,760 
107,788 

100,090 
118,572 

116,710 
120  913 


Elonga- 
tion. 
Per  cent. 


20.5 
20.3 

21-5 
20.3 

17-5 
19-5 

20.0 
234 

II  .0 
21.8 

19-5 
21 . 1 

16.0 
14. 1 

4.0 
21 . 1 


Reduction 
in  area. 
Per  cent. 


35 
31 

35 
35 

27 
39 

32 
35 

1 1 
39 

30 
37 


14 
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Mr.  Wickhorst.  It  vdW  be  noted  that  in  the  original  samples  in  some  of  the  cases,  the 

elongation  and  reduction  of  area  were  low.  The  effect  of  reworking  was 
in  general  to  leave  the  tensile  strength  abovit  the  same,  but  to  materially 
increase  the  elongation  and  reduction  of  area  where  these  properties  were 
low  in  the  original  material.  Where  the  original  ma*^erial  already  showed 
a  good  elongation  and  reduction  of  area,  the  reworking  did  not  improve 
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3 
Fig.  2. 


these  qualities,  and  in  cases  of  samples  Nos.  i  and  2,  they  actually 
decreased.  Sample  No.  7  showed  up  badly  in  both  the  original  and 
hammered-down  samples.  I  enclose  blue  print  Laboratory  No.  626,  143- 
R-4  (Fig.  2)  giving  results  of  the  tests  graphicalh^  to  show  the  relatiorship 
somewhat  more  clearly.  These  tests  seem  to  show  clearly  that  five  out  of 
the  eight  rails  could  be  materially  improved  by  further  work.  It  would 
also  seem  that  a  suitable  annealing  process  where  the  material  is  brought 
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up  to  a  red  heat  and  allowed  to  cool  would  bring  about  somewhat  Mr.  Wickhorst. 
similar  results,  and  I  hope  some  time  to  make  some  tests  of  this  nature. 
Track. — Our  examination  of  the  failures  on  the  ground  seem  to  show 
without  doubt  that  primary  failures  consisted  of  a  piece  of  the  base  of  the 
rail  breaking  out  and  that  the  breaks  through  the  whole  section  were 
secondary  or  resultant  failures.  One  noticeable  feature  was,  that  in 
almost  all  cases  the  inside  flange  of  the  base  broke  out  and  they  also 
occurred  mostly  on  the  north  rail.  This  piece  of  track  has  heavy  grade 
downward  toward  the  east,  that  is,  the  direction  of  fast  speed  would  be 
eastward  and  failures  therefore  would  be  mostly  on  the  left-hand  rail  in 
the  direction  of  fast  speed.  I  give  below  cop}^  of  your  letter  of  March  23, 
1907,  showing  a  classified  statement  of  the  rails  broken: 

Mr.  Max  H.  Wickhorst,  Chicago,  March  23,  1907. 

Engineer  of  Tests,  Aurora. 
Dear  Sir. — 

At  your  request,  I  hand  you  herewith  statement  of  broken  rails 
inspected  west  of  Oregon: 

Location  and  Conditions. — Mile  104  between  Oregon  and  Stratford, 
ascending  grade,  west  bound,  gravel  ballast — all  rails  on  tangent  except 
two. 

Breaks  on  North  Kail. — A.  On  inside  flange  on  soft  wood  tie  with 
metal  plate,  there  being  oak  ties  on  each  side  of  soft  wood  tie.  Twenty 
failed  rails,  two  of  which  were  on  curve. 

B.  On  outside  flange  on  hardwood  tie  without  metal  tie  plate.  One 
failed  rail. 

I'reaks  on  South  Rail. — A.  On  outside  flange  on  hardwood  tie  with- 
out tie  plate.     Two  failed  rails. 

B.  On  inside  flange  on  soft  wood  tie  with  metal  tie  plate,  there  being 
oak  ties  on  each  side  of  soft  wood  tie.     Seven  failed  rails. 

Yours  truly, 

(Signed)     A.  W.  Newton. 

The  ties  on  this  part  of  the  road  are  mostly  oak  ties,  but  quite  a  num- 
ber of  oak  ties  have  been  replaced  by  soft  wood  ties  with  an  iron  tie  plate, 
the  tie  plate  being  absent  in  the  case  of  the  oak  ties.  As  shown  b}^  3'our 
statement,  the  most  of  the  cases  of  flange  breakage  occur  on  a  tie  plate 
with  soft  ties. 

Counterbalance. — The  failures  occurring  mostly  on  the  left  rail  east- 
ward, suggested  that  the  locomotive  counterbalance  had  some  influence- 
in  the  matter,  and  I  talked  with  Mr.  O.  W.  Ott,  of  Mechanical  Engineer's 
Office,  who  has  done  some  work  along  this  line.  I  give  below  a  copy  of 
his  letter  of  March  22.  1907,  together  with  blue  print  which  he  submitted, 
which  I  think  '^  ou  will  find  interesting: 
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Chicago,  III.,  March  22,  1907. 


Mr.  M.  H.  Wickhorst, 

Engineer  of  Tests,  Aurora. 
Dear  Sir: — 

With  regard  to  the  cause  of  brsken  lower  flanges  occurring  at  the  tie 
plate,  on  the  north  rail  of  the  Aurora  to  Savanna  track  just  west  of  mile 
post  No.  104. 


Fig.  3. 
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Between  mile  posts  104  and  105  the  grade  is  .8  per  cent,  with  the   Mr.  Wickhorst. 
down  grade  east  bound.     Also  the  ruling  grade  from  Polo  to  Oregon  is 
down  hill  and  quite  heavy  so  that  there  is  little  doubt  that  east-bound 
trains  attain  a  very  high  speed  between  mile  posts  104  and  105. 

Attached  is  a  blue  print  (Fig.  3)  showing  the  effect  of  the  counter- 
balance of  the  locomotive  drivers.  At  the  top  of  the  sheet  is  a  series  of 
circles  showing  the  location  of  the  crank  pins  and  counterbalance  boxes 
on  a  pair  of  driving  wheels  during  one  complete  revolution,  the  points 
illustrated  being  for  each  90°.  Next  below  you  will  note  three  curves  plot- 
ted to  show  the  vertical  disturbance  due  to  the  excess  weight  placed  in 
the  counterbalance  boxes  to  partially  balance  the  horizontal  disturbance 
of  the  reciprocating  parts. 

In  the  center  of  the  sheet  are  some  small  cylinder  diagrams  laid  out 
to  show  the  horizontal  disturbances  which  cause  the  engine  to  nose.  Nos- 
ing is  caused  by  two  forces:  The  reaction  of  the  steam  pressure  against 
the  cylinder  heads  and  the  horizontal  inertia  of  the  unbalanced  portion  of 
the  reciprocating  parts.  Just  below  the  small  cylinder  diagrams  is  a 
graphical  curve  showing  the  resultant  force  causing  nosing. 

At  the  lower  left-hand  corner  of  the  sheet  is  a  section  of  an  85-pound 
rail  with  a  driving  wheel  superimposed.  I  believe  that  the  fact  that  the 
majority  of  breakages  occur  on  the  north  rail  can  be  accounted  for  as 
follows :  You  will  note  that  when  the  hammer  blow  on  the  rail  is  a  maxi- 
mum the  engine  is  nosing  strongly  to  the  left,  or  over  against  the  north 
rail  on  east-bound  trains.  The  effect  of  this  nosing  would  be  to  cause  the 
wheel  flanges  on  the  left-hand  wheels  to  climb  the  rail  and  thus  the  point 
of  application  of  the  load  between  the  rail  and  the  wheel  would  be  shifted 
from  a  normal  position  close  to  the  rail  center  at  D  to  a  point  close  to  C. 
Then  we  have  the  rail  eccentrically  loaded  at  the  same  instant  that  it  is 
called  on  to  sustain  the  added  pressure  due  to  the  hammer  blow  of  the 
counterbalance.  Without  iron  tie  plates  the  effect  of  the  eccentric  load 
would  be  equalized  by  the  yielding  of  the  tie  and  thus  distributed  equally 
to  the  inner  and  outer  portions  of  the  bottom  flange  of  the  rail.  With 
iron  tie  plates  the  ability  of  the  rail  to  adjust  itself  to  the  eccentric  load 
is  minus,  and  the  inside  bottom  flange  of  the  rail  will  get  the  large  end  of 
the  load. 

An  R-4  engine  running  at  a  rate  of  speed  equal  to  the  diameter  of  the 
drivers,  or  69  miles  an  hour,  will  give  a  so-called  hammer  blow  of  11,200 
pounds  on  the  front  and  rear  drivers  and  13,900  pounds  on  the  main 
drivers.  This  gives  wheel  loads  of  34,550,  37,200  and  40,050  pounds, 
respectively. 

These  loads  being  applied  eccentrically  once  every  revolution  to  the 
left-hand  rails  is  the  probable  cause  of  the  rail  failures. 

Yours  truly, 

(Signed)     O.  W.  Ott. 

According  to  his  study  and  diagram,  it  is  shown  that  when  the  effect 
of  the  counterbalance  is  greatest  downward,  the  engine  also  noses  to  the 
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Mr.  Wickhorst.  left.  This  would  tend  to  make  the  fillet  of  the  wheel  flange  put  the  load 
on  the  inside  edge  of  the  rail  head,  which  in  turn  would  put  the  load  on  the 
inside  flange  of  the  rail.  This  apparently  accounts  for  the  greater  num- 
ber of  breakages  of  the  inside  flange  of  the  rail,  and  also  the  greater  num- 
ber of  breakages  on  the  north  or  left-hand  rail  in  the  direction  of  high 
speed. 

Conclusiotis . — As  a  result  of  our  investigation,  I  should  say  that  these 
rail  failures  are  due  to  a  combination  of  circumstances.  Firstly,  we  have 
seen  that  while  rails  are  sound,  about  50  per  cent.,  or  perhaps  more, 
showed  low  ductility  on  a  tensile  test,  that  is,  the  elongation  and  reduc- 
tion of  area  were  low;  in  some  of  the  cases  very  low.  Secondly,  failures 
occurred  during  very  cold  weather  when  the  track  was  frozen  very  stiff, 
and  occurred  mostly  on  soft  wood  ties  with  tie  plates  having  on  each  side 
oak  ties  without  tie  plates.  The  effect  of  the  tie  plates  apparently  was  to 
form  a  very  rigid  unyielding  spot  that  probably  took  an  undue  proportion 
of  the  blow  of  the  rolling  equipment.  The  very  low  temperature  also 
probably  rendered  the  material  more  brittle.  This  experience  indicates 
that  it  is  not  wise  to  have  ties  with  tie  plates  interspersed  with  ties  without 
tie  plates.  Thirdly,  the  impact  effect  of  the  heavy  counterbalance 
required  in  the  large  engines  apparently  added  just  sufficient  impact 
effect  to  cause  failure.  Yours  truly, 

M.  H.  Wickhorst. 

Mr.  W.  E.  Fowler. — I  wish  to  take  exception  to  a  statement 
made  by  one  of  the  speakers  which  gives  a  wrong  impression  in 
regard  to  the  effect  of  brakes  on  the  rails.  I  wish  to  say  that  it  is 
considered  very  bad  practice  to  have  wheels  skid  or  slide  in  stopping 
a  train.  It  is  a  well-established  fact  also  that  a  train  can  be  stopped 
in  very  much  less  distance  when  the  wheels  are  not  skidded,  when 
the  rotation  of  the  wheel  is  gradually  retarded.  And  I  think  it 
will  be  found  a  very  rare  occurrence — for  us  it  is —  when  the  wheels 
do  skid.  I  wish  to  go  further  than  that,  and  say  that  in  an  expe- 
rience of  a'good  many  years  I  have  never  yet  seen  a  wheel  that  was 
melted  down  by  skidding  in  service.  We  occasionally  have  skids 
on  wheels  five  or  six  inches  long,  but  never  yet  have  I  found 
(through  an  extended  experience  in  mountain  districts)  a  \\heel 
melted  down  by  the  action  of  the  brakes  in  skidding  the  v  heels. 
The  cast-iron  wheel  is  considered  better  as  now  made  than  fifteen 
or  twenty  years  ago.  That  is  also  an  established  fact.  The  test 
to  which  cast-iron  wheels  are  subjected  before  service  is  ver}-  much 
more  severe  than  was  considered  possible  fifteen  or  twenty  years 
ago.  One  of  the  regular  tests  is  to  lay  the  wheel,  flange  down,  in 
the  sand  and  then  encircle  it  with  a  ring  of  molten  metal,  which 
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subjects  it  to  a  very  much  more  severe  strain  than  any  of  them  Mr.  Fowler, 
receive  after  they  are  put  in  service.  The  ordinary  service  of  the 
cast-iron  wheel  is  very  much  more  severe  to-day  than  it  was  fifteen 
years  ago.  The  loads  which  are  carried  upon  it  are  very  much 
heavier,  and  the  speed  at  which  it  revolves  is  very  much  greater. 
Although  I  do  not  think  there  is  a  cast-iron  wheel  manufacturer 
here  this  afternoon,  I  do  not  think  it  right  that  the  statement  that 
the  cast-iron  wheel  is  damaging  the  rail  in  the  way  described, 
should  go  on  record  as  the  opinion  of  this  convention. 

Mr.  J.  P.  Snow. — I  wish  to  add  a  little  testimony  in  regard  Mr.  Snow, 
to  the  crescent  or  moon-shaped  breaks  that  have  been  spoken  of. 
My  experience  has  been  exactly  in  line  with  Mr.  Wickhorst's,  and 
the  results  of  the  tests  that  we  have  been  able  to  make  correspond 
with  his.  There  is  one  feature,  however,  that  I  have  observed  in 
connection  with  these  crescent-shaped  breaks  that  has  not  been 
spoken  of,  which  I  should  like  to  lay  before  the  meeting. 

In  all  of  this  type  of  breaks  that  I  have  observed,  I  have  found 
it  possible  to  detect  the  evidence  of  a  longitudinal  seam  in  the  base 
of  the  rail  which  appears  to  be  the  starting  point  of  the  fracture. 
The  edge  on  the  under  side  of  the  piece  that  breaks  off  is  smooth 
on  the  corner  for  a  short  distance;  sometimes,  however,  if  the  break 
is  a  long  one  this  smooth  corner  will  extend,  for  a  foot  or  more. 
From  the  ends  of  the  smooth  corner  the  break  bursts  out  to  the 
edge  of  the  base  in  a  curve  similar  to  the  regular  conchoidal  fracture 
of  homogeneous  material.  These  smooth  corners  are  evidence  of 
seams  existing  in  the  rail  before  the  break  occurred.  Whether 
these  arc  caused  by  a  buckle  or  lap,  as  suggested  by  Captain  Himt, 
or  are  the  result  of  gas  checks  in  the  ingot  I  do  not  know.  Some  of 
these  seams  are  open  enough  to  be  discolored  by  rust;  others  are 
so  tightly  closed  that  rusting  has  not  commenced.  Examined  with 
a  magnifier  the  seams  appear  striated  and  show  plainly. that  they 
are  not  fractures. 

A  sample  cut  out  of  one  of  the  broken  pieces,  when  examined 
with  a  microscope,  showed  a  very  large  number  of  slight  micro- 
scopical cracks  parallel  to  the  axis  of  the  rail,  and  Avith  their  planes 
vertical  in  the  flange.  These  seams  must  be  due  to  the  condition 
of  the  ingot  before  it  is  rolled,  or  are  caused  by  the  rolling. 

In  regard  to  these  breaks  being  caused  by  unbalanced  drivers: 
It  is  quite  likely  true  to  some  extent,  but  those  unbalanced  diivers 
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Mr.  Snow.  go  ovcr  milcs  of  road  and  do  not  break  all  the  rails.     It  is  only  the 

unsound  rails  that  break.  Now  if  you  take  one  of  those  rails  with 
a  crescent-shaped  break,  as  we  have,  and  turn  it  on  its  head  and  let 
a  man  strike  the  flange  with  an  ordinar)^  sledge  he  can  break  out 
these  crescent-shaped  pieces  just  as  fast  as  he  can  hit  the  rail;  a 
rail  that  has  broken  from  some  other  cause,  or  a  good  rail,  that  is 
not  broken  at  all,  can  be  turned  on  its  head  and  pounded  until  you 
are  out  of  wind,  and  you  can't  break  a  piece  out. 

Most  of  the  rails  that  have  completely  broken  in  recent  years 
with  us,  have  apparently  started  from  a  seam  in  the  base  and  burst 
out  to  both  edges  of  the  base  in  a  conchoidal  curve  leaving  a  cusp 
point  on  one  piece  of  the  broken  rail.  Split  heads  complained  of 
by  roads  with  heavy  traffic  are  quite  likely  due  to  seams  in  the  head 
similar  to  those  which  we  have  observed  in  the  base.  If  these 
seams,  which  I  believe  to  be  due  to  unwelded  gas  holes  in  the  ingot, 
can  be  avoided  I  think  much  of  the  trouble  from  unsound  rails  will 
be  overcome. 

Mr.  wickhorst.  Mr.  Wickhorst. — Mr.  Snow  looks  for  these  seams  after  he 

finds  a  crescent-shaped  piece  ready  to  break,  and  of  course  he  finds 
them;  because  the  effect  of  the  stress  is  to  start  a  crack  right  in  the 
middle  of  the  base  of  the  rail.  That  is  where  the  stress  would  be 
greatest,  or  in  that  neighborhood,  and  it  is  not  the  first  application, 
but  a  great  number,  that  results  in  failure.  It  is  a  case  of  failure 
in  detail.  Of  course  if  you  find  that  the  crescent-shaped  piece  has 
started  to  break  out,  you  will  always  find  a  vertical  seam,  and  it 
will  show  from  its  looks  that  it  has  been  there  some  time,  naturally. 
I  move  that  the  specification  as  proposed  be  accepted  by  the 
meeting  and  submitted  to  the  Society  by  letter-ballot. 

The  President.  The  PRESIDENT. — Before  putting  the   question,  may  I  be 

allowed  just  a  word.  Naturally  the  consumers,  or  the  railroad 
people,  think  the  principal  fault  in  the  breakage  of  rails  is  due  to 
the  poor  rail;  and  just  as  naturally  the  producers  think  that  the 
principal  fault  is  in  the  conditions  of  service.  It  has  been  agreed 
apparently  all  around,  and  there  is  no  doubt  about  the  data,  that 
wheel  loads  and  speeds  have  increased;  and  it  is  also  true  that 
sections  have  been  increased,  the  amount  of  metal  put  in  to  sustain 
the  load  and  meet  the  service  conditions  has  been  increased;  and 
yet  if  we  can  trust  the  data,  we  are  having  breakages  that  are 
serious.     Now  the  question  is,  how  are  we  going  to  get  a  better 
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rail  ?     Modifications  of  the  section  have  been  proposed  and  there  The  President, 
are  a  number  of  points  in  the  constitutions  of  the  steel  itself  that 
have  not  been  brought  out  at  all:  notably,  the  amount  of  discard 
from  the  ingot  and  the  segregation  which  necessarily  takes  place  in 
the  big  ingots. 

[Mr.  Wickhorst's  motion  that  the  specifications  reported  by 
the  Committee  be  submitted  to  letter-ballot  of  the  Society,  was 
duly  seconded  and  carried  by  more  than  a  two-thirds  vote.] 

Mr.  William  Forsyth  (by  letter). — I  will  discuss  the  Mr.  Forsyth, 
breakage  of  steel  rails  with  special  reference  to  the  impact  due  to 
heavy  wheel  loads  and  high  speeds.  The  paper  by  jMr.  Wille 
gives  data  relating  to  the  increase  in  the  weight  on  drivers  of  loco- 
motives and  shows  that  it  has  increased  85  per  cent,  in  the  past  ten 
years.  The  load  on  a  single  driving  wheel  is  now  frequently  as 
high  as  30,000  pounds,  and  the  centrifugal  effect  of  the  counter- 
balance in  unbalanced  engines  may  increase  this  static  load  by 
one-third,  making  a  maximum  load  of  40,000  pounds  per  wheel 
at  high  speed.  The  ordinary  assumption  of  100  per  cent,  addition 
for  impact  due  to  live  load  is  not  sufficient,  as  it  can  be  shown 
mathematically  that  the  force  of  impact  increases  as  the  square  of 
the  velocity.  This  demonstration  with  special  reference  to  the 
stress  in  rails  will  be  found  in  a  paper  by  ]Mr.  iMattes  at  a  Scranton 
meeting  of  the  American  Association  of  ^Mining  Engineers. 

The  magnitude  of  the  stress  in  rails  with  a  static  wheel  load  of 
40,000  pounds  may  be  nine  times  as  great  at  75  miles  per  hour  as  at 
25  miles  per  hour,  and  light  rails  which  do  not  break  under  the 
heaviest  locomotives  at  ordinary  freight  speeds,  would  not  be  safe 
on  level  roads  where  the  speed  of  passenger  engines  is  high.  The 
report  of  the  New  York  Railroad  Commission  shows  a  large  num- 
ber of  broken  rails  for  the  winter  months  on  the  Lake  Shore  and 
New  York  Central  Railroads,  and  it  is  on  these  lines  that  the  high 
speed  18-  and  20-hour  train  schedules  are  maintained  winter  and 
summer. 

The  principal  cause  of  rail  breakage  on  these  lines  is  largely 
due  to  heavy  wheel  loads  acting  at  high  velocities.  Where  the 
track  is  heaved  by  frost  and  vers'  rigid,  as  it  must  be  in  zero  weather, 
and  the  rail  is  not  in  perfect  surface,  it  is  subject  to  the  severe 
impact  above  described,  and  the  irregularity  in  surface  may  be  suf- 
ficient to  result  in  stresses  greater  than  the  resistance  of  100-pound 
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Mr.  Forsyth,  rails  made  of  good  steel.  Aly  suggestion,  therefore,  is  that  in 
designing  a  new  rail  section  for  modern  high-speed  locomotives, 
the  ordinary  effect  of  impact  as  assumed  by  bridge  engineers  does 
not  take  account  of  the  real  effect  of  high  velocities,  and  a  rail  sec- 
tion should  be  used,  which  will  not  show  a  high  unit  stress  when 
subjected  to  the  impact  of  the  heavy  wheel  load  at  speeds  of  80  or 
90  miles  per  hour. 

Note. — It  is  proposed  to  continue  the  discussion  on  Steel 
Rails  at  the  next  annual  meeting,  and  members  are  invited  to 
send  wTitten  discussions  on  the  foregoing  matter  to  the  Secretary. 
—Ed. 


REPORT  OF  COMMITTEE  C  ON 
STANDARD  SPECIFICATIONS  FOR  CEMENT. 

The  Committee  at  its  meeting  held  in  Philadelphia  on  June  4, 
1907,  decided  that  it  was  not  prepared  to  present  any  further 
report,  or  to  suggest  any  changes  in  the  specifications  for  cement, 
for  the  present  year.  The  Committee  has  the  question  of  changes 
under  consideration  and  therefore  asks  for  its  continuance. 

Respectfully  submitted  on  behalf  of  the  Committee, 

George  F.  Swain, 
Chairman, 
Richard  L.  Humphrey, 

Secretary. 
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The  Chairman.  The  CHAIRMAN  (Mr.  Robert  W.  Lesley). — I  think  it  would 

be  very  interesting  at  this  time,  probably,  as  this  specification 
stands  as  one  of  the  extremely  successful  specifications  of  this 
Society,  to  give  a  little  idea  of  what  has  really  been  accomplished 
in  this  matter,  and  a  little  of  the  purposes  that  have  governed  the 
Committee  in  its  action.  About  three  years  ago  there  was  really 
no  uniform  specification  of  cement  or  methods  of  manipulation. 
There  had  been  suggestions;  but  nothing  had  ever  been  accom- 
plished ;  and,  as  we  all  know,  the  woods  were  as  full  as  the  leaves 
of  Vallombrosa  of  specifications  of  all  kinds  that  were  blowing 
hither  and  thither. 

This  Society,  in  co-operation  with  representatives  of  the  rail- 
roads and  the  architects,  and  the  American  Society  of  Civil  Engi- 
neers and  the  cement  manufacturers  did  make  a  specification;  and 
that  specification  has  been  in  use  some  two  years,  or  two  years  and 
a  half.  Over  40,000  copies  of  that  specification  have  been  sent 
out,  mostly  upon  request,  to  all  parts  of  the  civilized  world,  which 
certainly  speaks  well  for  the  care  and  the  thought  that  were  given 
to  its  making. 

This  specification  was  made  to  meet  the  views  of  the  con- 
servative people  on  all  sides  of  this  question.  It  should  be  remem- 
bered, too,  that  while  it  is  the  policy  of  ihis  Society  to  accord  equal 
representation  on  all  committees  dealing  with  commercial  matters 
to  the  manufacturers  and  the  consumers,  this  Committee  consisted 
of  about  eight  manufacturers  and  twenty  representatives  of  the 
consumers ;  so  that  the  latter  were  in  a  majority  of  two  to  one ; 
which  I  think  speaks  for  the  fairness  and  broad-mindedness  that 
have  served  to  make  this  a  real  living  specification. 

Now,  as  a  result,  the  American  Railway  Engineering  and 
Maintenance  of  Way  Association  have  adopted  this  specification 
for  practically  all  of  the  work  of  the  railroads.  A  year  ago  the 
Government,  through  the  Panama  Canal  Commission,  undertook 
to  make  a  specification  for  cement ;  they  changed  it  about  two  or 
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three  times;  and  within  the  past  year  our  specification  has  been  The  chairman, 
adopted  for  the  important  work  of  the  Panama  Canal,  and  I  am 
informed  that  the  specification  is  also  in  course  of  adoption  by 
many  of  the  departments  of  the  United  States  Government. 

In  short,  it  is  a  well-known  fact  that  this  specification  is  being 
widely  adopted,  and  while  we  all  realize  that  there  are  some  things 
that  should  be  corrected,  it  should  be  remembered  that  there  are 
always  things  that  should  be  corrected  in  any  specification. 

The  American  Society  of  Civil  Engineers  through  their  com- 
mittee is  working  on  modifications  of  the  methods  of  testing 
cement.  As  the  work  of  our  Committee  was  based  upon  the 
methods  of  testing  of  the  American  Society,  and  as  the  members  of 
their  committee  are  members  of  our  Committee,  it  certainly  would 
not  be  wise  to  make  changes  in  the  specification  until  the  com- 
mittee of  the  American  Society  of  Civil  Engineers  on  methods  of 
manipulation  has  made  its  report.  Further  than  that,  in  view  of 
the  great  difficulty  of  securing  the  adoption  of  this  specification  as 
universally  as  it  has  been  and  the  necessary  confidence  that  the 
people  who  adopted  it  feel  in  it,  it  was  deemed,  at  a  meeting  of  the 
Committee  the  other  day,  that  with  all  due  deference  to  the  sugges- 
tions that  had  been  made,  the  first  thing  was  to  get  the  consumers 
at  large  to  know  what  this  specification  is,  and  what  uniform  speci- 
fication means  to  them;  after  that,  we  should  invite  others  to  join 
in  the  deliberations  of  this  Committee,  increase  the  membership 
and  take  into  consideration  everything  that  any  one  had  to  propose. 
It  was  thought  best  to  wait  and  modify  the  specifications  at  a  time 
when  we  would  not  stand  in  the  position  of  stultification  by  quick 
changes  of  face.  Let  us,  at  least,  give  this  specification  time  to 
sink  into  the  minds  of  the  public;  time  to  grow,  as  it  has  grown; 
and  let  us  continue  our  Committee. 

I  understand  in  a  general  way  that  there  has  been  some  talk 
of  reform,  but  it  seems  to  me  that  the  best  method  of  reform  in  a 
body  of  this  kind  is,  as  in  political  reform,  a  reform  within  the  party. 
I  feel  that  if  there  be  any  question  about  this  specification,  or  if 
there  are  those  who  have  other  ideas  in  connection  with  this  speci- 
fication, that  they  will  consider  that  all  reforms  should  be  reforms 
made  within  the  party,  and  that  the  party  in  this  instance  is  a  sane 
and  not  a  sporadic,  temporary  thing,  and  not  to  be  changed  with 
every  gale. 
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Mr.  Humphrey.  jMr.  Richard  L.  HUMPHREY. — I  havc  no  doubt  that   many 

members  of  the  Society  feel  that  the  Committee  on  Standard 
Specifications  for  Cement  has  been  doing  nothing  since  it  presented 
a  report ;  that  it  has  simply  let  matters  drift  along,  being  satisfied 
with  the  work  which  it  has  already  done,  instead  of  changing  the 
specifications,  as  many  of  the  members  think  should  be  done. 

One  of  the  most  difficult  things  to  accomplish  is  the  adoption 
of  a  standard  specification  of  any  kind,  because  every  member  of 
a  committee  having  such  work  in  hand  feels  that  his  own  ideas,  or 
his  own  specifications,  are  the  best,  and  the  larger  the  committee 
the  greater  is  the  difficulty  of  evolving  a  specification  which  can 
be  adopted.  It  is  only  by  giving  and  taking  that  the  various  ideas 
are  brought  together  in  a  single  specification.  The  present  Stan- 
dard Specification  for  Cement  is  the  result  of  such  a  process. 

It  is  admitted  by  every  member  of  the  Committee  that  the 
specification  is  not  perfect,  and  that  eventually  it  must  be  changed, 
but  in  the  absence  of  something  better  to  substitute  for  the  present 
specifications,  it  seems  unwise  to  make  any  changes.  A  number 
of  trivial  changes  might  be  agreed  on,  which,  if  adopted,  would 
tend  to  throw  a  doubt  on  the  whole  specification.^  The  specifica- 
tion has  been  circulated  extensively,  and  is  being  used.  After  one 
or  two  years  of  use  the  defects,  if  any,  will  become  more  apparent, 
and  it  will  be  more  easy  to  apply  definite  remedies. 

The  members  of  this  Society  should  bear  in  mind  that  the 
Committee  on  Standard  Specifications  for  Cement  is  busy.  It 
is  working  in  close  sympathy  with  the  Committee  on  Uniform 
Tests  of  Cement  of  the  American  Society  of  Civil  Engineers,  and  at 
the  proper  time  it  will  make  conservative  changes  based  on  good 
reliable  information  which  will  justify  such  changes. 

Surely  a  Committee  which  has  been  engaged  in  framing 
standard  specifications  for  seven  or  eight  years  is  in  a  far  better 
position  to  know  the  requirements  of  such  a  specification,  and  to 
pass  judgment  on  the  proposed  changes,  than  men  who  have 
perhaps  not  had  as  long  or  as  intimate  an  experience  in  the  question 
of  framing  a  standard  specification. 

The  Committee  on  Standard  Specifications  for  Cement  at  all 
times  invites  suggestions,  and  those  members  of  the  Society  not  on 
the  Committee  who  feel  that  the  specifications  should  be  changed 
should  communicate  such  suggestions  to  the  Committee,  w^ho  will 
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carefully  consider  them  to  the  fullest  extent.      The  Committee  is  Mr.  Humphrey, 
extremely  anxious  to  receive  criticism  since  it   enables  the  Com- 
mittee to  see  the  specifications  from  other  points  of  view,  and  in  this 
way  receives  valuable  help. 

Mr.  C.  F.  AIcKenna. — When  these  specifications  were  about  Mr.  McKenna. 
to  be  voted  upon  at  our  meeting  here  three  years  ago,  I  moved  that 
they  be  referred  back  to  the  Committee  for  further  consideration 
and  amendment.  It  was  then  declared  to  be  quite  easy  to  amend 
the  specifications  at  any  time,  and  my  motion  was  lost.  It  is  now 
declared,  on  the  contrary,  that  we  should  go  ver}'  slowly  about 
amending  them,  for  among  other  reasons  the  United  States  Gov- 
ernment has  just  accepted  them  and  we  ought  not  to  admit  so  soon 
that  they  need  amendment. 

It  is  exceedingly  difficult  to  bring  about  a  good  number  of  . 
meetings  of  this  Committee  and  a  good  discussion  of  the  subjects. 
The  number  held  since  1904  has  been  utterly  inadequate.  I  sub- 
mit that  the  opportunity  for  discussion  of  the  features  of  these 
specifications  is  best  presented  at  these  annual  meetings,  but  that 
the  rules  of  procedure  prevent  us  from  discussing  them;  and  that 
the  opportunities  for  discussing  them  during  the  year  have  been  in 
the  past  so  rare  that  there  is  very  little  hope  of  even  a  single 
change  being  brought  about  unless  there  is  more  energy  and  more 
activity  in  the  promotion  of  frequent  meetings  of  the  Committee. 

Mr.  Humphrey. — Mr.  McKenna  is  quite  correct  in  his  Mr.  Humphrey. 
statement  as  to  the  number  of  meetings  which  have  been  held; 
but  it  should  be  stated  further  that  there  has  been  a  great  deal  of 
correspondence  relative  to  changes  in  the  specifications  among  the 
members  of  the  Committee  with  a  view  of  cr\'stanizing  the  views  of 
the  members.  It  is  extremely  difficult  to  get  so  large  a  body  of 
men  as  compose  the  Committee  on  Standard  Specifications  for 
Cement  to  meet  frequently,  and  it  seems  extremely  desirable  to 
carry  on  a  great  deal  of  the  preliminary  work  by  correspondence. 
After  the  views  of  the  members  have  been  gotten  into  tangible 
shape  by  correspondence,  a  meeting  of  the  Committee  is  called. 
Such  a  meeting  was  called  in  May  of  the  present  year,  and  even 
then  it  was  found  extremely  difficult  to  fix  a  date  which  would  be 
satisfactory'  to  a  majority  of  the  members  of  the  Committee  who 
attended  this  meeting. 

The  Chairman. — I  think  it  is  perfectly  clear  that  if  any  mem-  The  Chairman. 
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The  Chairman,  bcrs  dcsirc  a  meeting  of  this  committee,  a  request  for  such  a  meet- 
ing should  be  addressed  to  the  Chairman  or  Secretary. 

We  certainly  want  to  work  on  the  lines  of  least  resistance  and 
greatest  co-operation.  If  it  is  believed  that  a  number  of  meetings 
will  bring  about  valuable  results  the  Chairman  of  this  Committee 
will  be  only  too  glad,  1  am  sure,  to  have  all  the  meetings  desired. 
I  think  that  is  a  very  easy  matter  to  decide;  but  I  do  feel,  that 
while  we  have  been  going  on  gradually  in  getting  these  specifica- 
tions adopted,  that  that  has  been  a  very  big  piece  of  work.  After 
they  are  adopted — and  they  have  now  been  adopted  practically 
everywhere — I,  for  one,  would  be  only  too  glad  to  attend  meetings 
of  the  Committee  as  often  as  necessary  to  consider  any  sugges- 
tions for  their  improvement.  We  all  want  to  avail  ourselves 
of  this  Society  of  ours  as  a  clearing-house  for  specifications;  and 
let  us  make  any  changes,  and  do  what  we  are  going  to  do,  within 
the  lines  of  this  Society,  which  stands  preeminent  in  this  particular 
field. 

Mr.  L.  W.  Walter. — I  am  very  glad  to  hear  an  expression 
from  members  of  the  Society,  and  particularly  from  members  of 
Committee  C,  to  the  effect  that  they  anticipate  making  changes  in 
the  specifications,  or,  rather  that  they  expect  the  Committee  of  the 
American  Society  of  Civil  Engineers  to  take  some  action,  and  they, 
thereafter,  will  co-operate  with  them. 

I  have  been  of  the  opinion  for  some  time  that  the  specifica- 
tions are  faulty.  In  fact,  I  don't  mind  going  on  record  as  saying 
that  the  cement  specifications  must  be  changed,  and  eventually 
wiU  be  changed.  Now,  with  that  in  view,  the  Committee  is  morally 
responsible  to  the  Society  for  action,  and  I  think  it  is  the  duty  of 
this  Committee,  whether  it  be  in  co-operating  with  other  societies 
through  a  joint  committee,  or  in  whatever  manner  they  see  best, 
to  carry  out  the  desired  end.  I  think  activity  is  what  we  need,  and 
that  not  only  the  Society  but  also  the  public  demands. 

The  fact  that  forty  or  fifty  or  sixty  thousand  copies  of  the 
specifications  have  been  sent  out  does  not  justify  the  Committee  or 
the  members  of  the  Society  in  continually  defending  the  specifica- 
tions when  they  are  not  what  they  should  be  nor  what  they  even- 
tually must  be. 
Webster.  Mr.  George  S.  Webster. — Prior  to  the  meeting  of  the  Com- 

mittee in  Philadelphia  a  few  weeks  ago,  communications  were  sent 
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to  all  members  requesting  them  to  offer  criticisms  of  the  specifica-  Mr.  Webster, 
tions.     At  the  meeting  all  the  replies  were  carefully  considered  and 
all  the  points  gone  over  and  thrashed  out;  the  opinion  of  the  mem- 
bers present  was  almost  unanimous  that  it  would  be  unwise  at  this 
time  to  make  any  changes. 

And  I  feel  that  the  changes  that  are  suggested  in  the  specifica- 
tions should  not  be  broadly  termed  changes.  They  are  improve- 
ments. We,  like  others,  are  progressive,  and  the  time  \a  ill  come, 
and  is  coming,  when  we  will  make  specifications  to  meet  these 
advanced  ideas.  It  did  not  seem  to  the  Committee,  however,  that 
the  time  was  yet  ripe,  therefore  we  made  this  report  to  the  Society. 

Mr.  Walter. — I  am  pleased  to  accept  the  term  "im-  Mr.  Waiter, 
provement"  as  preferable  to  "change."  But  the  Committee 
has  now  been  continued  for  three  years  without  effecting  any 
improvement;  and  it  seems  that  to  encourage  the  consumers  to 
adopt  the  present  specifications  when  we  believe  that  they  are  not 
perfect  and  that  there  is  room  for  improvement,  would  mean  to 
entice  them  to  accepting  something  through  ignorance  of  the 
actual  conditions,  by  soliciting  their  faith  in  something  in  which 
we  do  not  have  the  utmost  confidence. 

Mr.  R.  S.  Greenman. — Just  a  word  in  reference  to  the  Mr.  Greemnan. 
present  specifications,  as  we  found  them  when  we  considered  them 
three  years  ago  in  connection  with  specifications  for  our  Barge 
Canal  work.  That  you  may  know  whom  I  represent :  I  am  con- 
nected with  the  laboratory  of  the  New  York  State  Engineering 
Department.  The  State  of  New  York  is  about  in  the  actual  begin- 
ning of  construction  of  a  large  canal  which,  in  point  of  material,  is 
to  be  greater  than  the  Panama  Canal.  The  appropriation  for  that 
was  $101,000,000.  We  are  also  building  $50,000,000  worth  of  good 
roads,  and  the  state  is  putting  up  a  large  number  of  state  buildings, 
for  all  of  which  we  test  the  cement.  In  1904,  when  the  Barge  Canal 
Advisor}'  Board  wanted  to  have  specifications  drawn  up  for  their 
Barge  Canal,  I  was  authorized  to  draw  up  the  specifications  and 
present  them  to  the  Board ;  and  when  I  presented  the  specifications 
practically  as  they  are  now,  the  Advisor}-  Board  questioned  me  for 
a  long  time,  first,  as  to  this  Society,  what  it  is,  and  then  regarding 
the  specifications.  They  found  that  the  methods  of  manipulation 
could  be  questioned  more  than  could  the  specifications;  and  when 
they  adopted  the  recommendation  of  the  speaker  it  was  with  this 
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Mr.  Greeninan.  idea:  that  rather  than  to  say  the  tests  should  be  made  according  to 
the  methods  recommended  by  the  Committee  of  the  American 
Society  of  Civil  Engineers  (of  which  each  member  of  the  Commis- 
sion was  a  member),  they  cut  that  out;  but  they  followed  the  speci- 
fications, except  in  one  or  two  minor  points,  almost  to  the  letter; 
and  we  have  found  them  to  work  very  well.  There  are  one  or  two 
suggestions  we  would  like  to  make  to  the  Committee  some  time; 
but,  as  a  whole,  I  think  they  work  well,  and  secure  for  us,  as  a 
large  user  of  cement,  a  very  good  product  for  our  W'Ork. 

Mr.  Humphrey.  Mr.  HUMPHREY. — I  think  from  Mr.  Walter's  discussion  of  the 

present  Standard  Specifications  for  Cement  it  would  be  natural 
to  infer  that  they  were  pretty  poor,  and  while  it  is  realized  that  Mr. 
Walters  has  had  many  years  of  experience  in  testing  cement,  it 
should  not  be  forgotten  that  there  are  many  more  members  who 
have  had  far  greater  experience,  and  I  want  to  say  that  those 
members  approve  of  these  specifications  for  cement,  feeling  that 
they  are  immeasurably  better  than  anything  that  existed  hereto- 
fore, and  while  not  perfect,  nevertheless  they  can  be  used  with  the 
assurance  that  any  cement  that  meets  their  requirements  is  of 
first-class  quality  and  meets  all  the  practical  conditions. 

Many  of  the  changes  that  are  proposed  by  certain  members  of 
this  Society  are  trivial  in  character  and  do  not  effect  in  any  way 
the  essential  features  of  the  specification.  If  the  members  who 
feel  that  the  specifications  should  be  changed  will  communicate 
with  the  Committee  stating  the  changes  desired  in  a  definite  way, 
the  Committee  can  then  act  on  them,  and  should  the  suggestions  be 
of  value,  adopt  them. 

The  Committee  on  Uniform  Tests  of  Cement  of  the  American 
Society  of  Civil  Engineers  is  now  engaged  in  making  investigations 
of  the  question  of  uniform  methods  for  testing,  which  form  a  basis 
of  the  present  standard  specifications.  When  this  Committee 
presents  its  report,  which  it  is  expected  to  do  next  Januarv^,  the 
Specifications  Committee  can  then  act,  and  make  such  changes  in 
the  specifications  as  it  deems  desirable.  Until  that  time  it  is 
desirable  to  discuss  in  a  general  way  the  question  of  changes  so  that 
they  may  be  gotten  into  definite  shape  for  action  at  the  proper  time. 
Another  point  which  should  not  be  forgotten  is  that  it  is  com- 
paratively easy  to  criticize  and  tear  to  pieces,  but  extremely  difficult 
to  build  up,  so  that  when  members  of    the  Society  criticize  the 
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specifications  for  cement,  they  should  be  prepared  to  suggest  Mr.  Humphrey, 
something  better.  The  Committee  is  not  arbitrar)^  in  its  actions, 
nor  is  it  disinclined  to  make  desirable  changes,  but  after  the  effort 
which  preceded  the  attainment  of  the  present  Standard  Specifica- 
tions for  Cement  it  is  not  disposed  to  make  changes  on  the  spur  of 
the  moment,  but  to  thoroughly  consider  and  study  the  same  so 
that  such  changes  which  may  be  made  will  be  an  improvement  on 
the  specifications  as  they  exist  at  the  present  time.  The  Committee 
may  be  conservative  and  slow,  but  in  the  end  the  results  will  speak 
for  themselves. 


REPORT  OF  COMMITTEE  E  ON 
PRESERVATIVE  COATINGS  FOR   IRON  AND    STEEL. 

The  series  of  paint  tests  planned  last  year  and  described  in 
the  last  annual  report  of  this  Committee  have  been  started. 
Nineteen  different  paints  have  been  applied  to  600  feet  of  the 
double- track  deck  bridge  erected  by  the  Pennsylvania  Railroad 
over  the  Susquehanna  River  at  Havre  de  Grace. 

The  record  of  time  of  cleaning,  time  of  painting,  with  weather 
conditions,  condition  of  paint,  time  of  drying,  condition  of  surface, 
manner  of  application  and  area  of  surface  covered,  have  been 
tabulated  and  are  under  consideration.  Analysis  of  the  paint 
is  being  made. 

The  Sub-Committee  on  Method  of  Inspection  after  painting, 
has  presented  the  following  report.  This  method,  subject  to 
such  modifications  as  are  found  necessary,  will  be  followed. 

Method  of  Inspection  of  Condition  of  Paints  upon 
Havre  de  Grace  Bridge. 

(i)  Inspection  to  be  made  every  six  months,  unless  for 
sufficient  reasons  the  Committee  desires  more  frequent  inspections, 
by  an  official  inspector.  Notice  of  each  inspection  to  be  sent 
out  previously  to  every  member  of  the  Committee  with  the  endeavor 
to  have  the  Committee  represented  at  each  inspection. 

(2)  As  far  as  practicable  a  photograph  should  be  taken  at 
each  inspection  by  a  thoroughly  competent  photographer,  pre- 
ferably the  inspector,  care  being  taken  to  obtain  negatives  capable 
of  enlargement  and  microscopic  examination.  A  scale  should 
be  photographed  in  connection  with  the  object. 

(3)  Character  of  gloss,  to  be  noted  by  the  inspector,  whether 
high,  moderate,  dull  or  flat. 

(4)  Relative  absorptive  condition  of  each  film  when  moistened 
with  water. 

(5)  Relative  toughness  to  be  determined  by  cutting  the  film 
with   a  sharp   knife,   note  being  made   whether  elastic,   tough, 

(140) 
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brittle,  or  flaking,  degree  of  adhesion  being  determined  by  the 
same  test. 

(6)  Condition  of  surface  to  be  noted,  whether  tendency 
to  blister,  alligator,  scale,  flake  or  powder  (chalk),  giving  especial 
attention  to  the  condition  at  angles  and  corners. 

(7)  Relative  hardness  to  be  determined  by  testing  the  films 
as  to  resistance  to  an  edge  of  a  cube  of  lead,  tin,  aluminum 
and  zinc,  respectively.  The  details  are  now  being  worked  out 
by  Mr.  Heckel,  and  report  upon  the  method  will  be  made  shortly. 

(8)  Note  to  be  made  as  to  the  degree  to  which  dirt  has  become 
attached  to  the  surface. 

(9)  Condition  of  the  surface  as  to  powdering  and  general 
appearance,  wear  and  weathering. 

(10)  When  pitting  has  begun,  the  size,  number,  form,  charac- 
ter and  location  of  the  pimple  should  be  carefully  noted,  and  the 
proportional  increase  since  last  inspection. 

(11)  Date  to  be  noted  on  which  repainting  becomes  neces- 
sary. 

(12)  These  instructions  are  intended  merely  as  a  general 
guide  to  the  inspector  who  will  be  expected  to  make  as  complete 
observations  as  possible  of  all  matters  which  appear  to  him  to  be 
worthy  of  report. 

The  first  inspection  was  made  June  14th,  and  the  results 
will  be  reported  later. 

The  specification  for  preparation  of  surface  and  application 
of  paint,  together  with  instructions  to  the  Director  of  Tests  directly 
in  charge  of  this  work,  was  found  impractical  under  conditions 
existing  on  this  bridge. 

The  specifications  required  that  all  parts  of  structure  be 
cleaned  free  from  mill  scale,  dirt,  rust,  etc.,  to  clean  bright  steel. 
This  was  found  impractical  as  some  of  the  members  were  badly 
rusted,  especially  in  inaccessible  parts,  as  between  eye  bars  on' 
bottom  chord  and  on  the  latticed  members.  In  such  places  it  was 
found  impossible  to  thoroughly  clean  without  delaying  the  work 
to  such  an  extent  as  to  cause  criticism  from  the  railroad.  The 
specifications  also  required  that  all  paint  be  applied  bv  the  standard 
round  pound  brush.  This  was  also  found  impossible  on  latticed 
members  and  between  eye  bars  on  bottom  chord,  etc. 
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It  was  found  that  serious  delay  would  have  resulted  from  a 
rigid  adherance  to  the  original  specifications. 

On  account  of  these  conditions,  and  rather  than  delay  the 
painting  of  the  entire  bridge,  the  following  set  of  instructions  were 
issued  to  the  Director  of  Tests  on  July  30th,  1906: 

(i)  The  surface  of  all  accessible  metal,  in  so  far  as  is  practi- 
cable, is  to  be  cleaned  in  a  workmanlike  manner  with  putty  and 
broad  knives,  scraper  and  wire  brushes  so  that  all  loose  or  easily 
detachable  mill  scale,  rust  and  dirt  are  removed,  as  well  as  loose 
shop  coat  or  "black  oil"  (by  "black  oil"  is  meant  linseed). 
Any  non-drying  oil  or  grease  on  accessible  parts  is  to  be  removed 
with  either  benzine  or  a  torch. 

(2)  Where  the  shop  coat  is  firm,  hard,  and  in  good  condition 
it  is  not  necessary  to  remove  it.     This  applies  also  to  black  oil. 

(3)  Field  and  shop  rivets  are  to  be  wire  brushed  and  where 
necessary,  this  is  to  be  followed  by  the  knife  or  scraper;  the 
hammer  is  not  to  be  used. 

(4)  It  is  understood  that  the  inside  of  columns  and  such 
other  members  difficult  of  access  are  not  to  enter  into  the  test, 
and  that  the  above  instructions  for  cleaning  do  not  apply  to  them. 
They  should,  however,  be  cleaned  in  accordance  with  the  ordinary 
methods  of  the  contractor.  The  inspector  is  to  make  note  of 
such  members  and  include  them  in  his  report. 

(5)  Painting  should  follow  cleaning  immediately,  and  as 
many  different  paints  are  to  be  applied  at  the  same  time  as  the 
length  and  position  of  the  scaffolds  and  expediency  will  permit. 

(6)  No  paint  shall  be  applied  when  the  humidity  is  greater 
than  85  per  cent. 

(7)  Since  the  net  cost  of  all  work  is  borne  by  the  Committee, 
the  inspector  will  see  that  the  work  is  done  with  reasonable  prompt- 
ness and  will  endeavor  to  keep  the  cost  down  as  much  as  possible, 
consistent  with  reasonable  thoroughness. 

(8)  All  directions  contained  in  the  previous  letter  of  instruc- 
tions not  herein  modified  are  to  remain  in  force. 

It  is  felt  that  with  the  complete  record  of  conditions  of  surface 
and  application  of  paint  given  in  the  tabulated  record  sheets  the 
value  of  the  test  has  been  increased. 
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A  comparison  can  now  be  made  between  parts  of  structure 
prepared  in  varying  degrees  of  thoroughness,  and  also  where  the 
paint  has  been  applied  with  the  standard  round  pound  brush,  with 
the  "man-helper,"  a  whitewash  brush  on  long  handle,  and  with 
the  sheep-skin  swab. 

These  comparisons  would  of  course  have  been  impossible  if 
the  original  specifications  had  been  followed.  If  the  record 
of  all  conditions,  weather,  surface,  application,  etc.,  are  true  and 
trustworthy  (and  of  this  there  is  no  ground  for  question)  there  is 
no  doubt  but  that  this  series  of  paint  tests  has  covered  more 
ground  than  was  originally  intended  and  will  clear  up,  as  the  test 
progresses,  many  points  more  or  less  obscure. 

The  plate  test,  it  is  felt,  will  prove  of  much  value.  These 
plates,  2x3  ft.,  were  thoroughly  cleaned  to  bright  steel,  bv  immer- 
sion in  dilute  sulphuric  acid,  neutralized  in  sodium  carbonate 
solution,  washed  in  running  water,  dried  and  packed  in  lime 
till  painted.  The  paint  was  applied  by  a  most  skilful  painter, 
under  the  most  favorable  conditions,  at  a  uniform  rate  of  spread- 
ing. Nine  panels,  three  for  each  spreading  rate  all  exposed  in  a 
very  substantial  frame  on  the  down  stream  side  of  the  bridge  along 
side  of  the  section  of  the  bridge  where  the  same  paint  was  applied. 
A  wooden  walk  with  handrail  has  been  erected  by  the  Pennsylvania 
Railroad,  on  the  down  stream  side  of  the  bridge  which  will  facilitate 
the  inspection. 

This  test  covers  nineteen  different  paints,  manufactured  by  six- 
teen different  firms  and  includes  nearly  all  of  the  leading  types  of 
paint,  red  lead,  carbon  as  graphites,  lampblack  and  carbon-black, 
oxide  of  iron  with  varying  amounts  and  classes  of  inert  materials, 
zinc  oxide,  asphaltums  and  special  pigments.  The  vehicle  is 
linseed  oil  in  the  majority  of  cases. 

The  exact  composition  will  of  course  be  available  when  analysis 
is  completed.  It  will  include  per  cent,  and  composition  of  pig- 
ment, per  cent,  and  character  of  oil  with  approximate  amount 
and  composition  of  driers,  presence  and  character  of  gums,  as  far 
as  possible,  and  per  cent,  and  identification  of  volatile  matter 
with  physical  condition  of  paint,  fineness  of  pigment,  etc. 

The  chemical  analysis  has,  however,  required  so  much 
work  that  it  cannot  be  completed  in  time  to  form  a  part  of 
this  report. 


144  Report  of  Committee  E. 

The  total  cost  of  the  test  has  been  somewhat  more  than  was 
anticipated,  and  it  is  not  possible  to  determine  if  the  subscriptions 
from  the  paint  manufacturers  will  be  sufficient  to  cover  all 
expenses  till  the  balance  sheet  has  been  struck. 

The  Committee  wishes  to  thank  the  Technological  Branch 
of  the  Geological  Survey  and  the  Bureau  of  Standards  for  their 
co-operation  and  desire  to  aid  in  this  investigation. 

Respectfully  submitted  in  behalf  of  Committee, 

S.    S.    VOORHEES, 

Chairman, 
J.  F.  Walker, 

Secretary. 


REPORT  OF  COMMITTEE  I  ON 
REINFORCED  CONCRETE. 

In  the  continuance  of  its  policy  of  co-operating  with  the 
Joint  Committee  on  Concrete  and  Reinforced  Concrete  it  has 
assisted  in  carrying  out  the  policy  of  the  Joint  Committee.  During 
the  year  the  various  sub-committees  into  which  the  Joint  Com- 
mittee has  been  divided,  have  prepared  in  part,  or  in  whole, 
reports  on  the  collation  of  existing  literature  and  the  results  of 
previous  investigations. 

These  sub-committees  cover  the  following  subjects: 
History. 
Concrete. 

(a)  Study  of  i\ggregates,  proportions  and  mixing. 

(b)  Physical   Characteristics,   waterproofing,   etc. 

(c)  Strength  and  Elastic  Properties. 
Beams. 

(a)  Simple  Beams. 

(b)  Tee  Beams,  Floor  Slabs,  etc. 
Columns. 

Arches. 

Fire- Resisting  Qualities. 

Failure  of  Concrete  Structures. 
It  is  expected  that  the  final  reports  of  these  sub-committees 
will  be  presented  before  the  close  of  the  year. 

The  investigations  on  the  subject  of  concrete  and  reinforced 
concrete  are  being  conducted  during  the  present  year  at  the  Struc- 
tural Materials  Testing  Laboratories  of  the  U.  S;  Geological 
Survey,  at  St.  Louis,  and  also  in  the  laboratories  of  the  Purdue' 
University,  University  of  Illinois,  University  of  Wisconsin  and 
Columbia  University.  The  detailed  program  of  the  investiga- 
tions as  now  being  executed  at  St.  Louis,  was  reported  last 
year  rVol.  \T,  pp.  87-98).  It  is  hoped  that  sufficient  experi- 
mental work  will  be  completed  by  June,  1908,  to  enable  the 
Committee  to  prepare  a  report.  The  results  of  the  tests  made 
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at  the  Structural  Materials  Testing  Laboratories  will  be  pub- 
lished in  bulletin  l\)rm,  and  it  is  expected  that  after  the  first  of 
August  these  bulletins  will  appear  regularly  at  frequent  intervals. 

The  Committee  asks  that  it  be  continued. 

Respectfully  submitted  on  behalf  of  the  Committee, 

F.  E.  Turneaure, 

Chairman. 
Richard  L.  Humphrey, 

Secretary. 


REPORT  OF  COMMITTEE  J  ON 
STANDARD  SPECIFICATIONS  FOR  COKE. 

The  Committee  reports  progress.  Through  its  sub-com- 
mittees on  Methods  of  Samphng  and  Analysis,  a  general  letter  of 
inquiry  was  directed  to  important  consumers  and  manufacturers 
of  coke,  requesting  information  relative  to  their  methods  of  sam- 
pling and  analysis.  A  large  number  of  replies  were  received,  the 
summary  of  which  is  given  in  the  report  of  the  sub-committees, 
Appendix  I.  The  methods  of  sampling  as  given  in  the  replies 
are  so  varied  in  character,  though  all  aiming  at  a  fairly  uniform 
average,  that  this  question  must  be  left  for  still  further  investiga- 
tion. 

Of  the  replies  received  the  one  from  ^Lt.  Wm.  B.  Phillips, 
Birmingham,  Ala.,  is  of  particular  interest.  In  part  it  reads  as 
follows : 

The  methods  of  analysis  (used  by  myself)  are  practically  those  for 
coal  as  recommended  by  the  Committee  of  the  American  Chemical 
Society.  It  seems  to  me,  however,  that  the  sulphur  in  coal  and  in  coke 
should  be  given  tmder  two  heads,  sulphur  as  pyrite  and  sulphur  as 
sulphate.  This  would  require  some  additional  research  which  commercial 
laboratories  have  not  the  time  to  undertake. 

I  regard  the  methods  now  in  common  use  for  the  chemical  examina- 
tion of  coke  as  sufficiently  accurate  for  ordinary  pvu-poses.  There  is 
much  to  be  desired  when  it  comes  to  the  physical  examination.  It  is 
here  that  there  is  the  greatest  need  of  investigation  and  fcr  the  adoption 
of  standard  methods.  The  method  of  Dawson,  as  modified  by  Dewey 
and  others,  gives  results  which  are  comparable  only  when  the  coal  charged 
is  practically  the  same  in  composition,  fineness,  degree  of  moisture, 
depth  of  bed  and  time  and  rate  of  burning. 

I  doubt  if  there  is  any  commercial  product  which  comes  into  use  on 
a  large  scale  that  exhibits  so  great  diversities  of  physical  structure  as  coke. 
From  the  same  piece,  weighing  a  few  pounds,  it  is  possible  to  secure  cubes, 
of  marked  variation  in  percentage  of  cells,  in  volume  of  cells,  in  apparent 
and  true  specific  gravity  and  strength.* 


*In  the  second  edition  of  his  book  on  Iron  Making  in  Alabama 
(Ala.  Geol.  Sur.,  1898),  Dr.  Wm.  B.  Phillips  published  the  results  of  many 
investigations  of  Alabama  coke,  using  the  modified  Dawson  method  for 
physical  tests.  Up  to  this  time,  it  was  the  most  detailed  investigation  on 
the  subject  and  the  conclusions  reached  still  hold  good  for  Alabama  coke. 
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Assuming  that  the  bee-hive  oven  will  continue  to  be  used  in  coke 
making,  modified  though  it  maybe  to  meet  the  demands  of  local  condi- 
tions, we  have  a  process  which  seems  to  require  a  minimum  of  technical 
skill  and  yet  which,  in  reality,  demands  technical  training  and  experience 
of  a  high  order.  There  are  so  many  concurrent  circumstances  attending 
the  economic  use  of  this  oven  that  one,  at  this  time,  may  not  even  enume- 
rate them.  But  whether  the  bee-hive  oven  or  the  so-called  recovery 
oven  is  used,  one  may  not  expect  uniformly  good  coke  from  uniformly 
bad  materials.  It  does  not  so  much  matter  whether  we  make  48-  or  72- 
hour  coke  in  the  bee-hive  oven,  but  it  does  greatly  matter  whether  from 
the  material  charged  we  may  reasonably  expect  good  coke. 

What  we  need  in  advancing  the  interests  of  the  bee-hive  oven  is 
not  so  much  chemical  and  physical  investigations  on  the  nature  of  the 
product,  although  these  are  extremely  useful,  as  an  insistence  on  the 
use  of  ordinary  common  sense  between  the  mine  and  the  coke-yard.  If 
there  is  a  variation  in  the  nature  of  the  coal  charged  there  will  be  an 
accentuated  variation  in  the  nature  of  the  coke  drawn,  no  matter  what 
the  process  may  be. 

But  after  all  the  value  of  the  coke  depends  upon  what  it  will  do. 
Chemical  and  physical  examinations  may  be  multiplied  without  number, 
but  the  practical  duty  of  coke  in  the  blast  furnace  is  the  final  court  of 
appeals  and  the  transfer  of  the  case  to  this  court  involves  a  large  expense. 
A  difference  of  250  lbs.  of  coke  per  ton  of  iron,  on  an  output  of  200  tons 
a  day,  may  mean  a  difference  of  an  hundred  dollars  a  day.  In  time  of 
great  industrial  activity  furnace  men  cannot  afford  to  make  such  experi- 
ments and  when  the  times  are  dull  they  have  not  the  money.  As  a  rule 
coke  is  the  most  expensive  item  of  the  burden.  It  is  the  barometer  of 
the  cost  sheet  and  it  is  strange  that  so  little  attention  should  be  given  to 
it.  What  was  good  or  bad  enough  thirty  years  ago  is  good  or  bad 
enough  to-day. 

It  is  to  be  hoped  that  the  investigations  carried  on  by  the  Technologi- 
cal Division  of  the  U.  S.  Geological  Stu-vey  may  have  the  important 
result  of  arousing  an  active  concern  in  the  possibilities  of  improving  the 
nature  of.  coke  with  the  consequent  reduction  in  the  cost  of  making  iron 
in  the  blast  furnace  and  castings  in  the  foundry. 

The  above  letter  from  Dr.  Phillips  speaks  for  itself  and  should 
be  read  by  every  coke  maker  of  the  country.  Work  by  the 
Committee  will  be  continued  during  the  coming  year,  and  it  is 
hoped  that  further  data  will  be  available  for  presentation  at  the 
next  Annual  Meeting. 

Respectfully  submitted  on  behalf  of  the  Committee, 

C.  H.  Zehnder, 
Richard  Moldenke,  Chairman. 

Secretary. 


Appendix  I. 

REPORT  OF  SUB-COMMITTEE  ON 
METHODS  OF  SAMPLING  AND  ANALYSIS. 

One  hundred  and  eighty-three  circular  letters  were  sent  out, 
and  seventy-six  replies  received.  Of  these  fourteen  report :  Report 
to  American  Chemical  Society  in  toto ;  thirty-seven  report:  Report 
to  American  Chemical  Society  with  modifications ;  twenty  make  no 
coke  analysis;  three  make  ash  only;  one  uses  Hendrich's  method, 
and  one  methods  outlined  in  Lord's  Metallurgical  Analysis. 

As  was  to  be  expected,  the  greatest  variation  of  method  was 
in  the  determination  of  the  volatile;  the  amount  of  coke  used. 
The  time  of  heating  and  the  degree  of  heat  are  matters  of  personal 
selection  and  only  in  a  few  instances  are  any  reasons  given  for 
such  selection. 

The  methods  for  moisture  show,  except  in  a  few  instances, 
no  regard  for  exact  determination.  The  methods  for  ash  are 
practically  all  in  accord  except  for  amount  of  sample  used. 

Fixed  carbon  is  universally  determined  by  difference  between 
sum  of  moisture,  volatile  and  ash  and  loo,  except  in  one  reply 
one-half  total  sulphur  is  estimated  in  volatile. 

For  sulphur,  forty-one  use  Eschka's  method;  two  use  the 
same  method  with  modifications;  four  use  sodium  peroxide 
method;  one  sodium  peroxide,  boric  acid  and  potassium  nitrate. 
Four  use  sodium  carbonate  and  potassium  nitrate  mixture;  and 
one  volumetric  method,  sodium  peroxide  fusion,  sodium  thiosul- 
phate  and  iodine  titration. 

The  above,  with  analysis  for  phosphorus  in  eighteen  instances, 
and  analysis  of  ash,  other  than  phosphorus,  in  eight  instances, 
gives  a  brief  outline  of  the  nature  of  replies  to  requests  for  methods 
of  chemical  analysis.  In  goodly  numbers  the  replies  also  give  the 
methods  of  sampling  employed,  which  I  trust  will  be  of  assistance 
to  the  Committee. 

Respectfully  submitted  on  behalf  of  the  Sub- Committee, 

A.  W.  Belden, 
Chairman. 
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REPORT  OF  COMMITTEE  K  ON 
STANDARD  METHODS  OF  TESTING. 

The  Committee,  recognizing  the  fact  that  the  first  step  to  be 
taken  must  be  to  ascertain  the  modes  of  procedure  now  in  use  at 
the  various  laboratories  for  testing  materials,  prepared  a  circular 
letter  asking  for  a  description  of  the  methods  pursued  by  them. 
The  form  of  this  letter  was  reported  last  year  (Vol.  VI,  p.  102). 
It  was  sent  to  141  laboratories  in  America,  and  to  129  in  other  parts 
of  the  world;  or  to  270  in  all. 

The  replies  came  in  very  slowly,  so  that  until  February  ist 
there  were  not  enough  to  distribute  to  the  chairmen  of  the  various 
sub-committees.  Those  received  up  to  that  time  were  then 
distributed,  and  others  at  a  later  date  as  they  arrived.  About 
forty  replies  have  been  received. 

The  reports  of  those  sub-committees  which  have  been  able 
to  make  a  summary  of  the  methods  pursued  in  these  40  labora- 
tories, are  appended  hereto  believing  that  they  will  be  of  value, 
while  waiting  to  present  our  own  conclusions  and  recommenda- 
tions. 

Respectfully  submitted  on  behalf  of  the  Committee, 

Gaetano  Lanza, 
Chairman. 
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REPORT  OF  THE 
SUB-COMMITTEE  ON  TENSILE  TESTS. 

Twenty  manufacturing  firms,  companies  and  laboratories 
in  the  United  States  and  six  in  other  countries  responded  to  the 
request  for  information  sent  out  by  the  Committee  in  regard  to 
methods  of  testing  in  vogue.  In  the  following  list  are  given 
the  names  of  those  supplying  information: 

Alan  Wood  Iron  and  Steel  Company. 

Boston  and  Maine  Railroad. 

The  x\merican  Brass  Company. 

American  Iron  and  Steel  Manufacturing  Company. 

Cambria  Steel  Company. 

Pennsylvania  Railroad. 

Philadelphia  and  Reading  Railroad. 

Reading  Iron  Company. 

Union  Pacific  Railroad. 

Westinghouse  Electric  and  Manufacturing  Company. 

Watertown  Arsenal  Testing  Laboratory. 

Chicago,  Burlington  and  Quincy  R.  R.  Laboratory. 

Central  Iron  and  Steel  Company. 

Glasgow  Iron  Company. 

Jones  and  Laughlin  Steel  Company. 

Lukens  Iron  and  Steel  Company. 

Otis  Steel  Company,  Limited. 

Robert  W.  Hunt  and  Company. 

Baldwin  Locomotive  Works. 

Atchison,  Topeka  and  Santa  Fe  Railroad. 

The  University  of  Australia,  Sydney. 

Danish  Government  Testing  Laboratory. 

Laboratory  of  Technical  High  School,  Wien. 

E.  Suenson,  Endncer,  Copenhagen. 

Kgl.  Materialpriifungsamt,  Gross  Lichterfelde,  West. 

Chemin  de  fer  de  L'est. 

(15O 


1^2  Report  of  Committee  K. 

The  answers  in  the  larger  number  of  cases  deal  mostly  with 
such  matters  as  relate  especially  to  commercial  testing  and  in  very 
few  cases  is  information  given  in  regard  to  work  of  an  experimental 
nature. 

It  appears  that  at  many  testing  laboratories  no  calibration 
of  the  testing  machines  is  made,  and  at  some  others,  methods  not 
entirely  satisfactory  are  used.  This  is  largely  due  to  the  difficulty 
of  finding  a  method  readily  applied  and  at  the  same  time  sufficiently 
accurate.  Few  details  are  given  as  to  the  mode  of  attachment  of 
extensomcters  to  specimens,  but  as  the  name  of  the  instrument  is 
always  given,  this  and  similiar  information  can  be  readily  obtained. 
Very  little  is  given  as  to  the  effect  of  different  shaped  grips  on  the 
result,  the  usual  grip  being  those  of  a  serrated,  flat  and  V-shaped 
face,  furnished  with  standard  testing  machines.  The  method 
for  obtaining  proper  alignment  and  freedom  from  side  bending 
in  specimens  with  threaded  ends,  vary  considerably  and  are  of 
different  degrees  of  efficiency.  Practically  no  information  is 
given  in  regard  to  full  size  tests,  such  tests  being  made  at  few  places. 
A  great  variation  occurs  in  the  form  of  specimen  and  method  of 
pulling  cast  iron,  both  rough  and  turned  specimens  being  used. 

The  subjects  in  regard  to  which  the  smallest  amount  of 
information  has  been  received  and  on  which  further  investigation 
seems  especially  necessary  are: 

Mode  of  selection  of  specimens. 
Methods  for  calibrating  testing  machines. 
Limit  of  accuracy  of  extensomcters. 
The  effects  of  different  forms  of  grips. 
Particulars  in  regard  to  full  size  tests. 

The  Boston  and  Maine  Railroad  suggests  that  investigations 
be  conducted  to  determine  some  method  more  searching  than 
the  present  one,  but  of  a  nature  to  be  commercially  practicable, 
whereby  brittle  material  can  be  detected  in  cases  in  which  the 
ordinary  chemical  and  physical  tests  fail  to  establish  such  a  con- 
dition. 

James  Christie, 
Chairman. 


REPORT  OF  THE  SUB-COMMITTEE  ON  TRANSVERSE 

TESTS. 

As  a  result  of  the  inquiry  among  the  testing  laboratories  of 
this  country  and  abroad  it  would  seem  that,  outside  of  transverse 
tests  of  full-sized  beams  and  the  like,  the  transverse  test  is  used 
practically  for  cast  iron  only,  and  then  for  test  bars  of  this  material. 
The  load  is  ahvays  applied  at  the  center  and  the  speed  of  testing, 
where  given,  runs  from  I  to  y  in.  per  minute  in  deflection. 

The  shape  of  the  bars  and  the  distance  between  supports  gave 
the  following  record : 

20  per  cent,  of  those  reporting  used  the  Arbitration  Test  Bar, 
or  I J  in.  round,  with  supports  at  12  in.  apart. 

13^  per  cent,  each  had  the  i  x  2  in.  bar  with  36  and  24  in. 
centers  respectively. 

6f  per  cent,  each  had  the  following: 

1  X  I  in.  bar,  10  in.,  12  in.,  40  in.,  54  in.  and  no  centers  given. 

2  X  2  in.  bar,  12  in.,  and  21^  in.  centers  each. 
I  in.  round,  and  no  centers  given. 

The  above  list  would  show  a  great  variety  of  methods  of 
testing  cast  iron,  and  rather  emphasize  the  correctness  of  the  action 
of  the  Committee  on  Testing  Cast  Iron  in  adopting  the  now  well- 
known  "Arbitration  Bar,"  which  would  give  a  common  basis  for 
comparison  of  tests  in  cast  iron,  whatever  special  bar  the  indi- 
vidual producer  might  use  for  his  own  information. 

Respectfully  submitted, 

Richard  Moldenke, 

Chairman. 
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Answers 

to 
Questions. 

C..B.  &0. 
Railroad. 

Cambria    Steel 
Company. 

R.  W.  Hunt 
&  Co. 

Watertown 
Arsenal. 

Yes.  Car  axles. 

Couplers, 
Repair  knuckles. 

Acceptance. 
M.  C.  B. 

Yes. 

Deflection  on 

axles    and 

rails. 

P.  R.  R.  for 

axles. 

M.  C.  B.  for  rails. 

1,640  lbs.  for 

axles,  2,000  lbs. 

for  rails. 

Up  to  45  feet. 

17,500  lbs.  for 
axles. 

Slides. 

Lever  hook. 

Anvil  supported 
on  springs. 

Straight  edge 
and  rule. 

Concrete. 

Limited 

number  on  softer 
metals. 

Compression  and 

3 

M.  C.  B. 

mechanical 

work. 

Vertical  gravity 
type. 

77  lbs.  to  1,000 

3b 

lbs. 
I  in.  to  6  feet. 

30,000  lbs. 

^d 

1 

Grooved  slides. 

Frictional. 

,f           

Rests  on  base 

30,000  lbs.  weight. 
Not  complete. 

^h 

Timber  grillage. 

Cylinders 

Axle  supports  3  ft. 
apart.    Supports 
and  tup  circular. 

Rails,  one,  axles, 
several  blows. 

Different  heights 
for  different  sizes. 

Axles  turned  after 
third,  fifth  and 
seventh  blows. 

Yes. 

Deflection. 

No. 

Warmed 

in 
winter. 

I  in.  X  2  m. 
Auxiliary'  block 

6a 

clamped  to  anvil. 

6b 

1 

6c 

6d 

8 

Dimensions 
checked. 

Warmed 

in 

winter. 

9 
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A.,  T.  &  S.  F. 
Railroad. 

University 

of  Sidney, 

Prof.  Warren. 

Danish 
Government 

Testing 
Laboratory. 

Prof.  Martens, 
Berlin. 

Cahier 

des  charges 

du  Chernin  de 

fer  de  I'Est. 

Yes. 

Malleability  and 
resistance  to 
lateral  thrust. 

Domestic,  also, 

M.  C.  B.  axles, 

couplers,  draft  gear 

Yes. 

Impact  tension, 
flexure  and 
compression. 

Vertical 
gravity  type. 

40  lbs.  to  125  lbs. 

Up  to  15  feet. 
2,800  lbs. 

Slides. 

Only  very  few 

Hardness  of 

plough  shares, 

etc. 

Vertical 
gravity  type. 

4  to  10  lbs. 
Up  to  6  feet. 

Very  many. 

Many  purposes. 

Vertical 
gravity  type. 

5  kg.  to 
1,000  kg. 

Yes.  Cast  steel, 

steel  for 

locomotives, 

wagons,  etc. 

Acceptance. 

Vertical 
gravity  type. 

SO  kg. 

Up  to  3  meters. 
Soo  kg. 

S  to  20,000  kg. 
SUdes. 

No. 

Breaking 
electric  current. 

Rests  on 
concrete. 

Straight  edge,  rule 

Self- 
registering. 

Good  masonry. 

All  kinds  tension 

compression, 
flexure  and  shear. 

or  micrometer. 

Concrete. 

Transverse. 

Supports 
160  mm. 

Number  of 
blows. 

Fixed. 

Turned  after 
first  blow. 

Varies  with 

Transverse  piece 

10  in.  long 

3  in.  diameter. 

Varies. 

Fixed. 

Transverse, 
not  turned. 

Time  interval 
constant. 

Extension  deflec- 
tion and  comp. 

Calibrated  with 

standard  copper 

plugs. 

Not  warmed. 

Min.  temp,  of 

laboratory  45°  F. 

For  comp.  Cyl. 
blocks.  Height 
li  times  diam. 

One  blow. 

material  tested. 

Number 
of  blows. 

Fixed  weight. 

Number 
of  blows. 

Different  heights. 

Varies  according 
to  work. 

Not  turned 

axle  test. 
Permissible  but 

Varies. 

With  copper 
specimens. 

Yes,  some  cases. 

Deflection. 

Only  bv 

hammer. 
Generallv    warmed 

62  degrees. 

irS5) 


W.  K.  Hatt, 
Chairman. 


REPORT  OF  THE  SUB-COMMITTEE  ON 
COMPRESSIVE  TESTS. 

Replies  to  the  questions  have  been  received  from  ten  labora- 
tories, one  in  France,  one  in  Germany,  one  in  Austria,  one  in 
Denmark,  one  in  Australia,  and  five  in  the  United  States.  The 
answers  indicate  that  the  number  of  compressive  tests  of  metals 
is  very  small  compared  with  tensile  tests.  The  following  is  a  brief 
summary  of  the  conclusions  derived  from  the  replies : 

1.  The  specimens  used  for  tests  on  wrought  iron  and  steel  are 
cubes  and  cylinders,  the  latter  being  more  frequent.  The  height  of 
the  cylinders  is  in  some  cases  as  small  as  the  diameter  and  in  other 
cases  it  is  1.5,  2.0,  2.7  and  10  times  the  diameter. 

2.  Each  laboratory  generally  recommends  that  form  of  speci- 
men which  it  has  been  using. 

3  and  4.  Each  laboratory  uses  the  same  form  and  size  of 
specimens  for  cast  iron  as  for  wrought  iron  and  steel. 

5.  All  replies,  except  one,  recommend  that  no  bedding  should 
be  used  for  metallic  specimens,  and  state  that  the  essential  rec[uire- 
ments  are  true  plane  faces  on  both  test  specimens  and  pressure 
plates. 

6.  The  replies  generally  imply  that  slovv'  speeds  should  be 
used,  especially  where  changes  of  length  are  to  be  measured. 

7.  Four  laboratories  state  that  the  best  method  for  determin- 
ing elastic  limit  and  modulus  of  elasticity  is  by  means  of  a  mirror 
apparatus,  while  two  prefer  micrometer  measurements. 

8.  No  especial  distinction  between  tests  of  copper  and  alloys 
and  those  of  iron  and  steel  is  indicated  by  the  replies. 

9.  It  is  generally  regarded  that  the  yield  point  is  an  index 
of  compressive  strength  in  the  case  of  ductile  and  plastic  metals. 

Mansfield  Merriman, 

Chairman. 
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REPORT  OF  COMMITTEE  M  ON 
STANDARD  SPECIFICATIONS  FOR  STAYBOLT  IRON. 

In  1905  the  following  specifications  were  submitted  as  initiative 
ones,  during  which  time  the  requirements  thereof  have  been 
enforced  by  one  of  the  largest  uses  of  staybolt  irons.  A  number  of 
large  manufacturers  have  also  adopted  a  method  of  manufacture 
proposed  by  your  Committee.  The  Committee  therefore  recom- 
mend that  these  specifications  be  submitted  to  the  Society  for  final 
consideration  and  action. 

Proposed  Standard  Specifications  for  Staybolt  Iron. 

Specifications  for  Staybolt  Iron  of  from  |  in.  to  i|  in.  in 
Diameter. 

Process  0}  Manufacture. — All  iron  staybolts  must  be  hammered 
or  rolled  from  a  bloom  or  pile  having  a  minium  cross-sectional  area 
of  45  square  inches,  and  about  18  inches  long. 

The  pile  must  be  made  up  of  a  central  core  composed  of  bars 
of  from  I  in.  to  i  in.  square  and  be  covered  on  all  four  sides  with 
an  envelope  f  in.  thick,  as  per  sketch. 


This  pile  must  be  rolled  to  a  billet,  allowed  to  cool,  again 
heated,  and  then  rolled  into  bars  of  the  required  dimensions. 

Physical  Tests,  (a)  Tensile  Strength — not  less  than  48,000 
lbs.  per  sq.  in. 

(&)  Elongation — not  less  than  28  per  cent,  in  8  inches. 
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(c)  Reduction  of  Area — not  less  than  45  per  cent. 

{d)  Double  bending  test — close  in  both  directions  without  flaw. 

(e)  Threading — permit  of  the  cutting  of  a  clear,  sharp  thread. 

(/)  Vibration — shall  stand  a  minimum  of  6,000  revolutions 
when  subjected  to  the  following  vibratory  tests : 

A  threaded  specimen,  fixed  at  one  end,  has  the  other  end 
moved  in  a  circular  path  while  stressed  with  a  tensile  load  of  4,000 
lbs.  The  circle  described  shall  have  a  radius  of  3-32  in.  at  a  point 
8  in.  from  the  end  of  the  specimen. 

Inspection,  (a)  The  iron  must  be  smoothly  rolled  and  free 
from  slivers,  depressions,  seams,  crop  ends  and  evidences  of  being 
burnt. 

(b)  It  must  be  truly  round  within  .01  of  an  inch  and  must  not 
be  more  than  .005  above,  or  more  than  .01  of  an  inch  below  speci- 
fied sizes. 

Selection  0}  Samples  for  Test. — The  bars  will  be  sorted  into 
lots  of  100  bars  each  and  two  bars  will  be  selected  at  random  from 
each  pile,  failure  of  either  of  these  bars  to  meet  any  of  the  above 
specifications  will  be  cause  for  rejection  of  the  lot  which  the  tests 
represent. 

Respectfully  submitted  on  behalf  of  the  Committee, 

H.  V.  WiLLE, 

Chairman. 
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DISCUSSION. 


Mr.  M.  H.  Wickhorst. — When  the  spacing  of  staybolts  is  Mr.  Wickhorst 
too  close,  there  is  a  danger  of  making  a  net  that  scale  catches  in 
and  cannot  be  washed  out  of.     Where  scale  conditions  are  serious, 
that  is  a  practical  objection  to  getting  the  staybolt  spacing  too  close. 

Mr.  E.  D.  Nelson. — The    Pennsylvania   Railroad   has   for  Mr.  Nelson, 
some  years  used  staybolts  that  had  been  reduced  in  the  center. 
Although  it  is  very  difficult  to  get  comparative  results;  so  far  as 
we  are  able  to  judge  from  the  locomotives  in  service  the  indications 
are  that  bolts  reduced  in  the  center  last  longer  than  straight  bolts. 

Mr.  J.  A.  KiNKEAD. — I  have  consistently,  I  think,  held  Mr,  Kinkead. 
two  exceptions  to  this  specification.  One  is  the  method  of  piling 
and  the  other  the  vibration  test.  As  to  the  method  of  piling, 
there  are  staybolt  manufacturers  who  have  been  making  staybolt 
iron  successfully,  to  the  satisfaction  of  the  consumers,  for  fifty 
or  seventy-five  years,  whose  method  of  piling  is  not  in  accordance 
with  the  specification.  It  stands  to  reason  that  if  that  is  so,  it 
would  throw  out  their  material.  Another  thing  is,  that  one  of 
the  manufacturers  has  tried  that  method  and  he  said  that  his 
own  piling  was  more  satisfactor\-.  At  the  present  time  four  or 
five  vibration  machines  have  been  tried,  that  is  of  this  type,  but  I 
only  know  of  one  that  is  said  to  have  given  check  results.  I 
have  looked  over  some  of  the  results  and  I  find  that  the  closest 
checking  is  about  twenty-five  per  cent.,  which  is  not  a  practical 
proposition.  Furthermore,  we  have  no  comparative  tests  between 
several  types  of  machines.  We  have  a  number  of  machines 
that  will  test  accurately  for  elastic  limit,  modulus  of  elasticity, 
reduction  of  area  and  so  on.  As  regards  the  vibration,  no  tests 
have  been  made  to  find  out  whether  these  machines  will  compare 
with  each  other.  I  know  some  of  them  will  not  compare  with 
themselves.  It  is  not  all  in  the  machine.  The  trouble  is  because 
the  pieces  are  tested  beyond  the  elastic  limit  in  the  machine,  and 
I  do  not  believe  that  has  any  comparison  with  the  practical  service 
when  tested  within  the  elastic  limit. 

Mr.  Wickhorst. — I  want  to  corroborate  what  Mr.  Kinkead  Mr.  Wickhorst. 
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savs.  In  the  first  place  I  don't  think  we  have  any  business  specify- 
inty  the  method  of  piling.  That  should  be  left  out.  And  as 
reo-ards  the  vibration  test,  wliile  I  don't  know  that  I  should  want 
to  CTo  quite  as  far  as  J\Ir.  Kinkead,  yet,  on  the  whole,  in  the  present 
state  of  the  vibration  method  and  the  special  machines  that  are 
required,  we  are  hardly  prepared  to  put  the  vibration  test  into  a 
weneral  specification.  At  any  rate  it  is  not  necessary  in  order  to  get 
thoroughly  good  staybolt  iron.  If  we  can  get  our  elongation  and 
particularly  reduction  of  area,  it  will  protect  the  quality  of  the  stay- 
bolt  material  in  a  fairly  good  manner;  possibly  not  as  completely  as 
desirable,  but  still  satisfactorily  enough,  I  think,  for  general  pur- 
poses. 
Nelson.  ]Mr.    Nelson. — I  am  in  the  unfortunate  position  of  being  a 

member  of  the  Committee,  but  I  do  not  like  to  talk  out  of  school 
while  Mr.Wille  unfortunately  is  not  here,  although  I  have  expressed 
to  him  the  feeling  that  I  have  about  the  recommendation,  which  is 
evidently  based  on  the  information  he  had  that  the  majority  of  the 
Committee  favored  his  report.  I  want  to  emphasize  the  points 
made  by  the  two  last  speakers;  namely,  in  the  first  place,  that  the 
method  of  manufacture  should  not  be  included  in  the  specification. 
We  have  found  with  the  machine  which  we  used  as  good  results 
with  other  stavbolt  irons  made  by  a  different  method  of  manufac- 
ture, as  with  iron  made  by  this  method  of  manufacture;  and  in 
tests  which  we  made  on  the  road  two  or  three  years  ago,  which  were 
very  complete,  and  included  irons  made  by  this  method  and  others, 
we  could  not  discover  that  there  was  any  dift'erence  in  service  tests. 
The  second  point  is,  as  already  referred  to,  that  the  proposed 
method  of  testing  has  not  been  well  threshed  out  and  is  not  gen- 
erallv  accepted.  I  think  that  should  be  done  before  we  decide  on  a 
specification  including  the  same. 

Mr.  C.  E.  Skinner. — I  know  nothing  about  staybolt  iron  and 
am  not  on  the  Committee,  but  after  hearing  the  remarks  I  would, 
in  order  to  get  the  matter  before  the  meeting,  move  that  the  speci- 
fication be  referred  back  to  the  Committee. 

Mr.  Edgar  Marburg. — I  would  suggest  as  an  amendment 
that  in  reporting  on  specifications  next  year,  if  the  report  should 
not  come  with  unanimity,  that  an  explanator}'  statement  concern- 
ing the  differences  of  opinion  be  appended  to  the  same. 

[This  amendment  was  accepted  and  the  motion  as  amended 
was  carried.] 


REPORT  OF  COMMITTEE  N  ON 
STANDARD  TESTS  FOR  LUBRICANTS. 

Your  Committee  would  respectfully  offer  the  following  report 
of  progress: 

Circular  letters  have  been  sent  out  from  time  to  time  and  it 
has  been  agreed  to  compare  in  the  first  instance,  the  various  vis- 
cosimeters  used  for  testing  oils  and  express  the  results  obtained 
in  seconds,  water  ratios  and  absolute  viscosity,  i.  e.,  in  dynes  per 
square  centimeter.  After  this  the  flash,  fire,  cold,  and  gravity 
tests  will  be  studied  together  with  some  special  tests. 

Arrangements  are  now  being  made  to  send  to  each  m.ember 
samples  of  various  oils  upon  which  these  different  tests  are  to  be 
made. 

Submitted  on  behalf  of  the  Committee, 

A.  H.  Gill, 

Chairman. 
J.  M.  Jeffers, 

Secretary. 
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REPORT  OF  COMMITTEE  O  ON 
UNIFORM  SPEED  IN  COMMERCIAL  TESTING. 

Your  Committee  on  Uniform  Speed  in  Commercial  Testing 
was  instructed  at  the  last  Annual  ]Meeting  to  make  an  investigation 
of  the  effects  of  speed  when  testing  iron  similar  to  the  investigation 
made  of  the  effects  of  speed  in  testing  steel.  Your  Committee 
herewith  takes  pleasure  in  submitting  the  results  of  its  investiga- 
tion. Staybolt  and  common  iron  were  used  in  making  the  tests 
and  the  thanks  of  the  Society  are  due  the  Altoona  Iron  Company, 
American  Iron  and  Steel  Company,  Bethlehem  Steel  Company, 
Brown  and  Company  (Wayne  Iron  Works),  Lockhart  Iron  and 
Steel  Company,  Logan  Iron  and  Steel  Company,  Hughes  and 
Patterson,  Monongahela  Iron  and  Steel  Company,  and  the 
Pittsburgh  Forge  and  Iron  Company  for  material  furnished  by  the 
officers  of  these  works  with  liberality  and  obliging  courtesy. 

Altogether  1,014  tests  were  made  of  different  sized  material 
at  the  speeds  indicated  in  the  tables.  Of  staybolt  iron  250  tests 
were  made  at  speeds  of  ^,  i,  3,  6  and  8  in.  per  minute.  Of  com- 
mon iron  764  tests  were  made,  207  tests  of  round  and  557  tests  of 
common  flat  iron.  All  the  tests  were  made  at  the  Testing  Labora- 
tory' of  the  Pennsylvania  Railroad  Company  at  Altoona  according 
to  and  in  conformity  with  the  rules  governing  the  testing  of  material 
for  commercial  purposes. 

One  feature  of  the  investigation  was  to  ascertain  the  possible 
difference  in  different  portions  of  heavy  bar  iron.  For  this  pur- 
pose the  5  X  I  and  5  x  i^-in.  iron  was  sawed  through  the  middle 
and  each  side  of  the  iron  was  thus  tested;  515  tests  of  iron  thus 
prepared  were  made.  However,  no  peculiarities  worth  mentioning 
developed  during  this  part  of  the  investigation.  No  attempt  was 
made  to  take  the  elastic  limit. 

Analyzing  the  results,  more  or  less  irregularity  of  strength  and 
elongation  was  found  in  the  individual  tests  as  well  as  the  averages. 
This  phenomenon  is  due  to  the  irregularity  of  structure  in  the 
metal  and  is  found  in  both  the  staybolt  and  common  iron  except 
in  one  lot  of  staybolt  iron  which  gave  remarkably  unifonn  results 
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at  all  speeds.     This  irregularity  of  structure  also  influences  the 
results  of  speed  by  increasing  the  strength  at  low  speed. 

The  increase  of  elongation  with  increase  of  speed,  in  three- 
fourths  of  the  tests,  is  a  peculiarity,  explainable  upon  the  theor}' 
that  the  stretching  of  the  particles  of  iron  goes  on  proportionally 
with  the  speed,  while  the  sliding  of  the  elongated  cr}-stals,  of  which 
the  iron  is  composed,  upon  each  other,  is  disproportionate  to  the 
speed,  or,  in  other  words,  the  density  or  compactness  of  the  metal 
ha\'ing  reached  a  maximum,  there  is  Httle  chance  for  the  particles 
to  sUde  upon  each  other,  but,  on  the  contrar}',  the  softness  of  the 
metal,  that  is  its  plasticity,  is  sufficiently  great  to  adjust  itself  and 
follow  the  accelerated  motion  due  to  the  increase  of  force.  This 
increase  of  elongation  with  increase  of  speed  is  also  an  indication 
of  the  reason  why  increase  of  speed  does  not  increase  the  strength 
ven,'  much,  if  any,  and  what  little  increase  does  take  place  is  due 
to  the  readjustment  of  the  irregular  portions  of  the  metal  rather 
than  to  an  increase  in  hardness  due  to  increasing  retardation  of 
plastic  movement  with  increase  of  speed. 

The  reasoning  that  with  ideal  uniformity  of  structure,  the 
plasticity  of  iron  is  proportionate  to  the  speed,  is  confirmed  by  the 
remarkable  results  of  the  test  of  one  of  the  eight  lots  of  stay  bolt 
iron  tested.  The  average  strength  of  that  iron  at  i,  i,  3,  6  and  8  in. 
speeds  was  52,030,  52,100,  51,570,  52,890  and  52,420  pounds 
respectively.  The  elongation  with  the  same  speeds  was  31.6, 
31.5,  31.7,  31.3  and  34.3  per  cent,  in  8  inches. 

The  test  of  this  lot  of  iron  proves  that,  other  things  being 
equal,  speed  has  practically  no  influence  in  affecting  the  plastic 
adjustment  of  iron.  The  results  of  test  of  the  5  x  f-in.  iron,  by 
their  irregularity  and  high  strength  at  the  three-inch  speed,  indi- 
cating irregularity  of  structure,  is  further  proof  of  the  correctness 
of  the  above  reasoning. 

The  results  of  the  eight  lots  of  staybolt  iron  are  instructive 
in  this  respect.  The  difference  in  strength,  between  lowest  a^d 
highest  speed,  were  220,  320,  390,  410,  530,  560,  1,090  and  2,460 
pounds,  and  the  dift'erence  in  elongation  was  o,  i,  1.2,  1.8,  1.8, 
2.2,  2.4,  and  3.2  per  cent.,  all  but  two  being  higher  in  elongation  at 
the  8-inch  speed,  the  last  one  being  3.2  per  cent,  higher. 

A  further  proof  that  it  is  the  irregularity  of  structure  of  the 
iron  which  chiefly  determines  the  results  of  the  tests  and  not  the 
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speed,  we  obtain  by  comparing  the  extremes  of  tests  of  different 
sizes  of  iron.  Thus,  Avith  the  5  x  |-in.  iron  we  have  an  extreme 
result  at  a  one-inch  speed,  11,800  pounds  and  16  per  cent,  elonga- 


Table  I. 

Staybolt  Iron, 

Total  Number  of  Tests,  250. 

Speed  per  Minute 
in  inches. 

Diameter 
of  Iron. 

Tensile  Strength. 
Pounds  per  sq.  in. 

Elongation  in  8  in. 
Per  cent. 

0.50 
I  .00 
3.00 
6.00 
8.00 

.      I  in. 

49,270 
53-950 
50,600 
50,720 
49,860 

26.2 
30.0 
28.9 
28.7 
26.9 

Nu 

mber  of  Tests 

60, 

Speed  per  Minute 
in  inches. 

Diameter 
of  Iron. 

Tensile  Strength. 
Pounds  per  sq.  in. 

Elongation  in  8  in. 
Per  cent. 

I  .00 
6.00 
8,00 

: 

1      If  in. 

49-580 
49-300 
49,800 

29  .  I 
29.  I 
30-3 

Nu] 

mber  of  Tests 

18. 

Speed  per  Minute 
in  inches. 

Diametei 
of  Iron. 

Tensile  Strength. 
Pounds  per  sq.  in. 

Elongation  in  8  in. 
Per  cent. 

0.  50 
I  .00 
3.00 
6  .00 
8.00 

I  in. 

48,290 
48,770 
48,690 
50,470 
49,620 

30.6 
30.8 
30.6 
32.0 
32-5 

Nui 

Tiber  of  Tests 

I* 

ra. 

tion,  while  at  an  8-inch  speed  the  difference  between  highest  and 
lowest  result  is  8,600  pounds  and  17  per  cent,  elongation.  Again, 
with  the  5x  i^-inch  iron  the  extremes  differed  9,200  pounds  and 
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17  per  cent,  at  a  one-inch  speed,  and  9,800  pounds  and  19  per  cent, 
at  a  three-inch  speed.  With  the  i^x^-inch  iron  we  have  the 
extremes  of  4,900  pounds  and  14  per  cent,  elongation.    With  the 


Effects  of  Speed  on  Strength  of  Iron  in  Tension 
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round  iron  we  have  the  extremes  between  highest  and  lowest 
at  a  one-inch  speed  of  400  pounds  and  5  per  cent,  elongation  and 
at  an  eight-inch  speed  the  extremes  showed  a  difference  of  300 
pounds  and  i  per  cent,  elongation.     The  large  number  of  tests 
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made  bring  out  and  emphasize  these  peculiarities  of  structural 
differences. 

After  taking  these  various  results  and  factors  into  considera- 
tion, your  Committee  feels  warranted  in  recommending  that  in  the 
commercial  testing  of  staybolt  and  common  wrought  iron  any 


Table  II. 
Common  Round  Iron. 
Total  Number  of  Tests,  207. 

speed  per  Minute 
in  inches. 

Diameter 
of  Iron. 

Tensile  Strength. 
Pounds  per  sq.  in. 

Eloncration  in  8  in. 
Per  cent. 

I  .  oo 
6.00 
8.00 

'1      lin. 

50,830 
53,320 
53.240 

22.4 
24.  2 
22.3 

Number  of  Tests 

30, 

Speed  per  Minute 
in  inches. 

Diameter 
of  Iron. 

Tensile  Strength. 
Pounds  per  sq.  in. 

Elongation  in  8  in. 
Per  cent. 

I  .00 
3.00 
6.00 

1      fin. 

51,000 
51,700 
52,400 

22.3 
24.7 
25.2 

Number  of  Tests 

15- 

Speed  per  Minute 
in  inches. 

Diameter 
of  Iron. 

Tensile  Strength. 
Pounds  per  sq.  in. 

Elongation  in  8  in. 
Per  cent. 

I  .00 
3.00 
6.00 
8.00 

^ 

I  in. 

49,920 
51-500 
51-910 
49,970 

26.0 
22.3 
22  .9 
25.6 

Nu 

mber  of  Tests 

It 

2. 

speed  up  to  and  including  six  inches  per  minute  gives  sufficiently 
safe  and  reliable  results  for  commercial  purposes. 

Submitted  on  behalf  of  the  Committee, 

Paul  Kreuzpointner, 
H.  V.  WiLLE,  Chairman. 

Secretary. 
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Effects  of  Speed  on  Strengtlrof  Iron  in  Tension 
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Table  III. 

Common  Flat  Iron. 
Total  Number  of  Tests,  557. 

Speed  per  Minute 
in  inches. 

Dimensions 
of  Iron. 

Tensile  Strength. 
Pounds  per  sq.  in. 

Elongation  in  8  in. 
Per  cent. 

I.OO 

6.00 
8.00 

I      i^x^in. 

50,610 
52,240 
51.900 

26.4 
28.3 
23-4 

Niimber  of  Tests 

*2. 

Speed  per  Minute 
in  inches. 

Dimensions 
of  Iron. 

Tensile  Strength. 
Pounds  per  sq.  in. 

Elongation  in  8  in. 
Per  cent. 

I  .00 
3.00 

}      5x1  i  in. 

48,540 
49,852 

24.8 
25.2 

Number  of  Tests 

361. 

Speed  per  Minute 
in  inches. 

Dimensions 
of  Iron. 

Tensile  Strength. 
Pounds  per  sq.  in. 

Elongation  in  8  in. 
Per  cent. 

I  .00 

3.00 

>      5x1  in. 

50,760 
51,020 

27  .2 
24.2 

Number  of  Test 

S 

16 

Speed  per  Minute 
in  inches. 

Dimensions 
of  Iron. 

Tensile  Strength. 
Pounds  per  ^q.  in. 

Elongation  in  8  in. 
Per  cent. 

I  .00 
3.00 
6.00 
8.00 

>      Sxfin. 

51,750 
55.600 
52,030 
50,930 

24.1 

293 

234 

21-3 

Nt 

imber  of  Tests 

I 

.^8 
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REPORT  OF  COMMITTEE  P  ON 
FIREPROOFING  MATERIALS. 

Your  Committee  collated  and  presented  at  the  last  annual 
meeting  of  the  Society  all  the  information  available  at  that  time 
regarding  fire  tests  on  floor  constructions  both  in  this  country  and 
in  England.  The  detailed  information  regarding  these  tests  was 
presented  in  the  tables  accompanying  that  report  (Vol.  VI,  p.  128). 
It  will  be  noted  that  in  several  instances  no  information  is  given 
except  the  time  and  place  of  the  test.  In  these  cases  no  recorded 
information  was  obtainable.  These  tables  represent  the  sixty- 
three  fire  tests  made  in  this  countr}',  and  seventeen  in  England. 

The  tests  in  America  were  all  made  under  the  supervision  of 
the  building  authorities  in  New  York  City,  though  some  of  them 
were  made  in  conjunction  with  the  building  authorities  of  Phila- 
delphia. The  English  tests  were  all  made  under  the  immediate 
direction  of  the  British  Fire  Prevention  Committee. 

From  a  careful  study  of  these  data,  the  Committee  would 
suggest  the  following  outline  of  a  standard  test  for  fireproof  floor 
constructions.* 

Respectfully  submitted  on  behalf  of  the  Committee, 

Ira  H.  Woolsox, 
R.  P.  Miller,  Chairman, 

Secretary. 


*  This  standard  test  was  adopted  as  recommended  and  appears  on 
page  179. 

(170) 


DISCUSSION. 


Mr.  Ira  H.  Woolson. — This  report  is  in  print  and  has  been  Mr.  wooisor 
distributed  among  you.  It  is  in  the  form  presented  at  the  meeting 
last  year  together  with  the  tables  of  data  which  the  Committee  was 
able  to  collect  and  upon  which  this  proposed  method  of  test  w^as 
based.  It  was  accompanied  with  the  request  that  comments 
and  criticisms  should  be  addressed  to  the  Committee  so  that 
during  the  ensuing  year  we  might  be  able  to  modify  it  and  present 
it  in  a  final  form.  I  regret  to  say  that  we  have  not  received  a  single 
comment.  However,  for  fear  you  may  not  have  given  the  subject 
any  special  consideration;  it  is  open  for  discussion  at  the  present 
time. 

The  specification  is  simply  one  of  others  that  will  be  made, 
this  one  covering  tests  of  fire-resisting  floor  construction. 

After  the  Society  has  made  such  modifications  as  seem  ad- 
visable, I  suppose  the  proper  procedure  would  be  to  refer  the  report 
to  letter  ballot. 

Mr.  R.  L.  Humphrey. — I  should  like  to  ask  the  Chairman  Mr.  Humphrey. 
whether  it  is  necessar}-  to  specify  a  wood  fire,  and  whether  gas  is  not 
as  suitable;  in  other  words,  would  it  not  be  sufficient    for  the 
specification  to  require  a  continuous  heat,  averaging  not  less  than 
1700°  F.? 

Mr.  Woolson. — Because  the  Committee  are  very  firmly  of  Mr.  Wooison. 
the  opinion  that  wood  is  the  best  material  for  a  test  of  this  character. 
I  have  seen  tests  made  using  gas  as  a  fuel;  and  my  experience  is 
not  favorable  to  gas.  The  gas  is  supplied  in  jets  through  the  floor 
of  the  building;  and  they  form  a  series  of  fire  columns  throughout 
the  structure,  with  strong  air  drafts  between  the  columns  of  flame. 
In  course  of  time  the  heat  becomes  more  or  less  distributed,  to  be 
sure;  but  it  is  nevertheless  concentrated  at  certain  points  and  you 
do  not  have  the  uniform  radiation  over  the  whole  surface  that  you 
get  from  a  burning  pile  of  wood.  Furthermore,  with  wood  fuel 
you  get  the  strong  flame  action  of  a  conflagration  and  exactly  the 
same  chemical  conditions,  as  wtII  as  conditions  of  draft  as  nearly 
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Mr.  Wooison.  as  tlicsc  can  be  imitated.  My  opinion,  based  upon  the  experi- 
ence of  conducting  some  fifty  or  more  of  these  tests,  is  that  wood  is 
by  all  odds  the  best  fuel.  It  is  more  dijfhcult  to  make  a  test  with 
wood;  because  you  have  the  labor  of  handling  it.  However, 
a  test  of  this  character  can  be  made  anywhere;  one  is  not  compelled 
to  go  to  some  particular  place  to  make  a  test.  It  is  an  expensive 
affair  to  install  a  test  plant  for  use  of  gas,  regardless  of  whether 
the  gas  is  manufactured  for  the  purpose  or  taken  from  a  public 
supply.  These  specifications  make  the  test  perfectly  adaptable 
to  any  place 

Mr.  Humphrey.  ^NIr.  HUMPHREY. — It  scems  to  me  that  with  a  uniform  tem- 

perature of  1700°  F.  on  the  bottom  of  a  floor  slab,  it  would  be 
immaterial  whether  that  heat  had  been  obtained  by  the  use  of  wood 
or  any  other  fuel.  There  are  many  places  where  it  would  not  be 
possible  to  secure  cord-wood,  but  it  would  be  comparati^•ely  easy 
to  secure  gas. 

Mr.  Brown.  Mr.  John  G.  Brown. — I  should   like  to  ask  Mr.  Wooison 

why  four  hours  are  specified  as  the  time  limit  of  the  test.  I  have 
had  one  or  two  tests  made ;  and  on  inquiring  of  different  fire  under- 
writers I  find  that  fire  confined  to  one  room  lasts  usually  a  half  to 
three-quarters  of  an  hour.  A  four-hour  limit  seems  therefore  a 
very  severe  test. 

Mr.  Wooison.  Mr.  Woolson. — The  Statement  made  by  Mr.  Brown  regard- 

ing the  duration  of  the  ordinary  fire  in  a  room  is,  I  think,  approxi- 
mately correct.  It  would  be  hard  to  conceive  of  a  room  in  an  or- 
dinary building  that  would  have  inflammable  material  enough  in  it 
to  maintain  a  temperature  of  1700°  F.  for  more  than  an  hour,  or 
perhaps  an  hour  and  a  half  at  the  outside;  but  the  period  of  four 
hours  which  we  ha\-e  adopted  is  the  period  which  was  adopted 
by  the  Bureau  of  Buildings  of  New  York  City  several  years  ago, 
and  has  been  under  pretty  sharp  discussion  time  and  again  between 
that  Bureau  and  others  interested.  We  arrived  at  the  conclusion, 
however,  that  the  test  is  not  too  severe  for  this  reason:  the  whole 
object  of  these  tests  is  to  differentiate  poor  material  from  good  and 
we  know  that  among  the  various  classes  of  fire-proof  construction 
there  are  many  w^hich  can  pass  this  test.  That  being  the  case,  the 
test  is  not  more  severe  than  can  be  met  by  a  good  material.  It  is 
severe  enough  to  throw  out,  as  it  has  in  the  past,  a  considerable 
number  of  inferior  constructions,  inferior  either  in  design  or  ma- 
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terial.     In  an  investigation  of  this  kind,  where  the  whole  object  of  Mr,  Wooison. 
the  test  is  to  secure  protection  of  property  and  perhaps  of  life,  the 
supposition  is  that  nothing  is  too  good.     If  nothing  is  too  good,  and 
these  specifications  are  not  too  severe  to  be  met;  then  the  speci- 
fications are  not  too  severe. 

We  must  also  face  this  situation:  any  structure  put  up  for 
test  is  bound  to  be  better  constructed  than  it  would  be  in  ordinary 
practice.  That  goes  without  saying,  particularly  w^here  workman- 
ship and  selection  of  materials  are  concerned;  consequently  we 
should  make  the  tests  rigid  enough  to  eliminate  the  influence  of 
superior  workmanship  and  material.  On  that  basis  it  would  also 
appear  that  the  test  is  not  too  severe. 

Mr.  R.  p.  Miller. — I  want  to  add  just  a  word  to  what  Mr.  Miiier. 
Professor  Wooison  has  said.  While  I  concede  that  under  ordinary 
conditions,  and  generally  speaking,  a  fire  of  1700°  F.  does  not  last 
more  than  an  hour,  or  an  hour  and  a  half,  yet  I  have  known  such 
fires  to  last  four  hours.  We  are  looking  for  a  floor  that  wifl  stand 
the  severest  conditions;  not  the  floor  that  wall  stand  merely  the 
ordinary  conditions.  In  a  fire-proof  building  we  must  construct 
the  building  so  that  it  can  be  used  for  any  purpose.  In  a  clothing 
warehouse,  for  instance,  the  material  docs  not  burn  with  a  large 
flame  but  smoulders  for  a  long  time  with  "intense  heat  as  has  been 
the  experience  in  such  cases  in  New  York.  The  original  test  in 
New  York,  under  the  auspices  of  the  Department  of  Buildings,  was 
a  test  of  five  hours;  and  of  the  sixty  odd  tests  made  under  the 
auspices  of  the  New  York  building  authorities  more  than  a  dozen 
were  made  under  the  five-hour  limit.  The  Committee  discussed 
that  matter  of  time  very  carefully;  and  we  considered  that  the 
four-hour  limit  was  enough.  It  is  true  that  most  people  regard  it 
as  too  severe  and  that  seems  to  be  the  sentiment  here,  but,  as  Mr. 
Wooison  has  suggested,  we  haA-e  found  a  large  number  of  materials 
and  constructions  that  will  stand  that  test,  and  why  should  we  not 
have  the  best? 

Mr.  Humphrey. — In  connection  with  the  fire  tests  that  are  Mr.  Humphrey, 
being  made  in  Chicago  at  the  Underwriters'  Laboratories,  the 
representatives  of  the  various  societies  interested  in  this  work, 
namely,  the  National  Fire  Protection  Association,  the  National 
Board  of  Fire  Underwriters,  the  Joint  Committee  on  Concrete 
and  Reinforced  Concrete  and  the  National  Association  of  Cement 
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Mr.  Humphrey.  UscFs,  met  with  a  view  of  determining  the  duration  of  the  heat  that 
should  he  appHcd  in  the  testing  of  concrete  anci  other  materials 
commonly  used  in  the  fire-proofing  of  building  materials. 

After  considering  the  matter,  it  was  finally  decided  that  the 
duration  of  this  test  should  be  two  hours,  the  temperature  ranging 
between  1 700°  and  1800°  F.,  and  that  immediately  at  the  end  of  that 
time  a  jet  of  water  under  50  pounds  pressure  and  at  a  distance  of 
20  feet  should  be  played  on  the  surface  of  the  material  under  test. 

After  testing  the  various  building  materials,  it  has  been  found 
that  the  test  w-as  sufficiently  severe,  since  every  material  failed, 
none  passing  the  test;  of  course  the  test  offers  a  reliable  comparison 
of  the  quality  of  the  various  materials  since  the  degree  of  failure  is 
comparable.  In  the  case  of  buildings  it  is  necessary  to  fire-proof 
the  structural  parts,  and  the  thickness  of  this  fire-proofing  will 
depend  upon  the  probable  duration  of  the  fire  to  which  it  may  be 
subjected.  This  is  a  matter  of  judgment,  and  it  is  manifest  that 
an  office  building  will  not  be  subjected  to  a  fire  of  the  same  dura- 
tion or  intensity  as  a  warehouse.  There  are  a  number  of  instances 
in  the  San  Francisco  fire  w^here  quantities  of  inflammable  materials 
burned  for  a  long  time  at  an  extremely  high  temperature.  The 
question  of  fire-proofing  is  thus  one  of  degree.  Since  two  hours 
proved  sufficient  in  the  Chicago  test,  it  seems  unnecessarily  severe 
to  carry  on  the  test  for  four  hours.  The  whole  fire-proofing 
problem  resolves  itself  into  a  determination  of  the  resisting  quali- 
ties of  the  various  building  materials,  that  is,  the  rate  of  conduc- 
tivity or  penetration  of  the  heat.  If  this  can  be  determined  in  a 
two-hour  test  it  seems  undesirable  to  prolong  it  to  four. 
Mr.  Douty.  Mr.  D.  E.  Douty. — I  rise,  not  to  discuss  the  specifications, 

but  simply  for  information. 

I  notice,  in  the  first  sentence  of  the  preliminary  statement, 
that  the  information  has  been  gained  from  tests  carried  on  in  this 
country  and  in  England.  I  should  like  to  ask  the  Chairman  of 
the  Committee  if  any  consideration  has  been  given  to  the  tests  which 
have  been  carried  on  at  the  Materialprufiingsamt  in  Charlotten- 
burg.  The  building  section  there  has  been  engaged  in  this  kind 
of  work  for  a  long  time,  testing  the  fire-proofing  of  doors,  windows, 
walls  and  floors,  and  ever}^thing  of  that  sort;  and  some  vcrv 
valuable  data  is  collected  in  the  "  Mittheilungcn  "  of  that  institu- 
tion.    I  am  not  sufficiently  familiar  with  the  data  to  say  whether 
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it  would  add  anything  to  the  subject  or  not ;  but,  while  I  simply  Mr.  Douty. 
make  the  suggestion,  it  seems  to  me  well  to  have  the  Committee 
look  this  work  over  and  determine  if  it  is  anything  that  would 
be  of  value  to  us  in  this  country. 

Mr.  Woolson. — At  the  time  the  Committee  started  its  work  Mr.  Wooison. 
we  sent  out  a  circular  letter  asking  for  information.  It  was  sent 
to  every  possible  source  we  could  think  of  that  would  have  infor- 
mation on  that  subject,  and  included  the  laboratories  at  Charlot- 
tenburg,  and  my  impression  is  that  we  did  not  receive  a  communi- 
cation from  that  laboratory.  While  in  Europe  three  years  ago  I 
visited  those  laboratories  and  investigated  the  work  that  vas  being 
done  there.  I  also  had  a  talk  with  some  of  the  ofhcials  who  were 
doing  work  both  there  and  at  the  meeting  of  the  International 
Fire  Prevention  Congress  in  London.  I  found  nothing  up  to  that 
time  that  was  really  comparable  with  our  work  here.  There  was 
a  lack  of  uniformity  in  methods  of  test,  and  duration  of  same. 
There  was  no  systematic  methods  of  fire  tests  at  Charlottenburg 
so  far  as  I  was  able  to  learn,  and  there  were  no  reports  in  printed 
form  or  otherwise  that  we  could  get.  I  did  not  think  at  that  time 
there  was  anything  there  that  reall}-  compared  with  the  excellent 
work  of  the  British  Fire  Prevention  Association,  or  the  work  that 
was  being  done  here.  I  did  not  know  anything  about  the  published 
reports  of  which  Mr.  Douty  speaks. 

]Mr.  Douty. — I  know  the  publications  do  contain  a  number  Mr.  Douty. 
of  articles  on  fire  tests.     They  built  miniature  houses  and  fired 
them  in  all  sorts  of  ways,  and  also  made  some  tests  upon  con- 
ductivity; I  suggest  that  as  perhaps  a  valuable  source  of  informa- 
tion. 

Mr.  Woolson. — In  England  they  were  making  tests  of  two  Mr.  wooison. 
hours;  then  they  changed  to  three  hours;  and  they  are  now  coming 
to  four  hours.     One  or  two  other  specifications  which  have  been 
adopted  here  and  which  they  objected  to  three  years  ago,  they 
are  now  adopting — at  least,  it  so  appears  from  recent  reports. 

The  Chairman  (Mr.  Robert  W.  Lesley). — The  Chair  would  The  Chairman, 
like  to  call  the  attention  of  the  Committee  and  of  the  meeting  to  a 
state  of  facts  that  possibly  we  might  avcII  consider  at  this  time. 

This  Society  is  a  society  for  testing  materials.  Incidental  to 
the  work  of  this  Society  it  is  a  member  of  the  Joint  Committee  on 
Concrete  and  Reinforced  Concrete.     That  Committee  has  been 
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The  Chairman,  doing  work  for  scvcral  years  in  the  matter  of  standard  specifica- 
tions, or  standard  methods  for  concrete  construction.  Incidental 
to  that,  this  Committee,  of  which  Professor  Woolson  is  Chairman, 
has  been  contributing  most  valuable  work. 

The  point  to  which  I  desire  to  call  attention  is  that  this  report 
is  entitled  a  "Report  of  Committee  P:  On  Fire-proofing  Ma- 
terial." Now  it  seems  to  me  that  we  should  bear  in  mind,  defi- 
nitely and  clearly,  that  this  Committee,  if  its  title  is  a  Committee 
on  Fire-proofing  ^^laterial,  must  deal  not  only  with  concrete  but 
with  all  fire-proofing  materials;  and  therefore,  it  strikes  me,  that 
if  there  be  any  other  form  of  fire-proofing,  hollow  tiles,  mackite, 
or  any  other  material,  that  this  Committee  should  charge  itself 
with  the  examination  thereof.  We  should  have  to  restrict  its  title 
if  it  is  confining  its  attention  to  concrete  alone.  In  other  words,  the 
American  Society  for  Testing  Materials  with  its  committees  stands 
for  fair  play  for  all  materials  having  a  common  use  and  a  common 
purpose,  and  we  do  not  want  the  specifications  that  go  to  the  public 
to  be  questioned  as  being  influenced  by  cement  men,  by  concrete 
men,  or  by  men  in  any  other  form  of  industry  or  trade.  This  is  a 
broad  scientific  body,  and  not  a  trade  organization.  I  hope  to  hear 
from  the  Chairman  of  this  Committee  as  to  the  general  purposes  of 
the  Committee  in  dealing  with  hollow  tile  and  all  other  forms  of 
fire-proofing  construction ;  and  I  hope  that  this  specification  applies, 
not  to  one  form,  but  to  all  forms. 

Mr.  Woolson. — I  agree  entirely  with  the  remarks  of  the 
Chairman.  I  think  that  the  specifications  should  be  written  to 
cover  any  and  all  materials  with  absolutely  no  distinction.  It 
was  the  purpose  of  the  Committee,  in  writing  this  specification, 
that  it  should  cover  all  kinds  of  construction.  I  might  add  that 
this  same  specification,  or  practically  the  same,  has  been  applied 
to  tile  construction.  I  have  personally  conducted  several  tests 
upon  tile  construction  built  in  New  York  and  Pittsburg  or  vicinity; 
so  I  know  that  tile  \,  ill  meet  the  specification. 

Mr.  R.  p.  Miller. — We  must  remember  this :  that  in  drawing 
our  conclusions  from  tests  that  have  been  made,  we  have  had  to 
consider  such  as  were  made;  and  the  Committee  had  no  means  of 
making  tests  of  its  own  on  different  materials.  As  you  will  see  in 
reading  this  specification,  it  is  a  specification  for  the  form  of  test 
to  be  made,  not  a  specification  for  any  particular  type  or  material. 


Mr.  Woolson. 


Mr.  MiUer. 
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Now  as  a  matter  of  fact  there  have  been  other  materials  besides  Mr.  Miller, 
concrete  and  hollow  tile.  When  I  speak  of  concrete,  I  include 
cinder  concrete  and  stone  concrete  of  various  compositions.  A 
material  that  comes  particularly  to  my  mind  now  is  a  plaster  com- 
position which  was  tested  under  practically  this  specification; 
that  is,  this  specification  is  practically  the  specification  that  is 
given  in  the  present  New  York  Building  Law. 

In  considering  this  specification,  the  Committee  kept  fully  in 
mind,  as  stated  here,  the  17  tests  that  were  made  in  England  under 
the  auspices  of  the  British  Fire  Prevention  Committee,  which 
included,  I  believe,  even  tests  on  w^ood  beams  covered  with  plaster 
of  different  kinds. 

The  Chairman. — The  Chair  desires  to  say  that  if  the  hollow  The  Chairman, 
tile  interests  or  any  other  interests  having  to  do  with  fire-proofing 
feel  that  they  should  have  representation  on  our  Committee  on 
Fire-proofing,  or  that  they  should  be  represented  on  the  floor  at  our 
meetings,  this  Society  stands  for  the  fullest  and  widest  discussion 
of  the  subject.  Everybody  should  have  his  day  in  court  and  every 
interest  should  be  given  fair  play  and  no  favor.  I  think  that  is  the 
spirit  in  which  we  must  meet  this  question. 

Mr.  Merriman. — The  specification  requires  that  the  deflec-  Mr.  Merriman. 
tion  shall  not  exceed  |  of  an  inch  for  each  foot  of  span.  I  would 
like  to  ask  how  this  rule  has  been  established,  and  whether  it  is 
true  that  the  deflection  w^ill  vary  directly  as  the  span.  If  the  span 
is  8  feet,  the  deflection  must  not  exceed  i  inch;  if  the  span  is  16  feet 
it  must  not  exceed  2  inches.  My  understanding  is  that  the  deflec- 
tion must  increase  in  very  much  faster  ratio  than  the  span ;  in  the 
case  of  a  beam,  under  ordinary  working  loads,  the  deflection 
increases  as  the  cube  of  the  span.  This  does  not  strictly  apply 
beyond  the  elastic  limit;  but  I  would  expect  that  the  deflection 
of  a  16-foot  span  would  be  four  or  five  times  that  of  an  8-foot  span. 

Mr.  Miller. — In  the  matter  of  the  deflection,  the  specifica-  Mr.  Miller, 
tion  is  not  one  for  the  strength  of  the  construction.  The  strength 
of  the  construction  must  be  considered  independently  of  that. 
This  test  is  to  determine  the  fire-proof  character  of  any  particular 
construction.  As  far  as  this  deflection  being  proportionate  to  the 
span  is  concerned,  the  only  reason  for  putting  in  any  requirement 
as  to  the  deflection  was  that  we  found  that  the  deflection  in  these 
constructions  is  due  to  the  heating  of  the  material,  rather  than  the 
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Mr.  MiUer.  k)ad  placed  upon  it ;  because  die  load  remains  uniform  or  constant 

throughout  the  test.  The  deflection  that  does  occur  is  due  to  the 
expansion  of  the  material,  or  the  weakening  of  the  material  due  to 
high  temperatures;  and  the  idea  is  to  guard  against  excessive 
permanent  deflection.  Some  of  these  constructions  deflect  con- 
siderably during  the  test;  but  when  the  water  is  applied  and  the 
construction  cools,  it  comes  back  or  very  nearly,  in  many  instances, 
to  its  original  position. 
Mr.  Thompson.  ]Mr.  Saxford  E.  THOMPSON. — Criticism  has  been   made  of 

the  length  of  the  test  subject  to  fire.  In  a  congested  city  like  New 
York  it  is  certainly  wise  to  have  a  uniform  test  like  that.  But  I 
should  like  to  ask  the  Committee  if,  in  view  of  the  fact  that  these 
speciflcations  are  for  general  use,  whether  it  would  not  be  advisable 
to  designate  two  classes,  the  tests  for  second-class  materials  being 
less  severe.  That  would  meet  the  great  differences  in  the  con- 
tents of  buildings  and  their  location. 

Mr.  Wooison.  Mr.  Woolson. — T  think  that  might  be  feasible.     If  a  manu- 

facturer were  content  to  take  a  second-class  rating,  his  material 
might  answer  for  certain  classes  of  work.  There  are  manufac- 
turers who  would  be  glad  to  take  a  second-class  rating;  in  fact  glad 
•  to  get  a  rating  at  all,  since  they  know  thev  can't  meet  this  one. 
[On  motion  it  was  decided  to  submit  the  proposed  Standard 
Test  for  Fire-proof  Floor  Construction  to  letter-ballot.] 
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STANDARD  TEST  FOR  FIRE-PROOF  FLOOR 
CONSTRUCTION. 

Adopted  September   i,   1907. 

The  test  structure  may  be  located  at  any  place  convenient  to  the 
apphcant,  where  all  the  necessary  facilities  for  properly  conducting 
the  test  are  provided. 

The  test  structure  may  be  constructed  of  walls  of  any  material 
not  less  than  twelve  inches  thick,  properly  buttressed  on  all  sides. 

The  floor  construction  to  be  tested  shall  form  the  roof  of  the 
test  structure. 

At  a  height  of  not  less  than  2  ft.  6  in.,  nor  more  than  3  ft. 
above  the  ground  level,  a  metal  grate,  properly  supported,  shall 
be  provided,  covering  the  whole  inside  area  of  the  building. 

In  the  walls  below  this  grate  level,  draught  openings  shall 
be  provided,  as  many  as  possible,  furnishing  openings  with  an 
aggregate  area  of  not  less  than  one  square  foot  for  every  ten  square 
feet  of  grate  surface.  Means  for  temporarily  closing  these  open- 
ings should  be  provided. 

In  the  wall,  immediately  above  the  grate  level,  a  firing  door, 
3  ft.  6  in.  by  5  ft.  high,  must  be  provided  in  the  side  of  the  build- 
ing at  right  angles  to  the  floor  beams.  A  second  door  must  be 
added  when  the  span  of  the  floor  slab  under  test  exceeds  ten  feet. 

Flues  should  be  supplied  at  each  of  the  comers,  and  oftener 
in  case  of  a  test  structure  exceeding  250  square  feet  of  grate  sur- 
face, with  sufficient  opening  to  insure  a  proper  draught,  securely 
supported  and  disposed  at  tlie  sides  of  the  structure  in  such 
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manner  as  not  lo  rest  on  the  floor  under  test.  In  no  case  should 
a  flue  area  be  less  than  i8o  square  inches. 

The  horizontal  dimensions  of  the  test  structure  will  depend 
upon  the  number  and  the  span  of  the  systems  under  considera- 
tion. The  clear  span  of  the  floor  beams  is  to  be  14  ft.  The 
distance  between  floor  beams,  or  span  of  slab,  may  be  varied 
according  to  the  design  of  the  system  to  be  tested,  and  should  be 
as  near  as  possible  to  usual  practice.  The  underside  of  the  con- 
struction under  test  must  be  not  less  than  9  ft.  6  in.  nor  more 
than  10  ft.  above  the  grate  level. 

The  construction  to  be  tested  should  be  designed  for  a  work- 
ing load  of  one  hundred  and  fifty  pounds  per  square  foot,  and  no 
more.  This  load  to  be  uniformly  distributed  without  arching 
effect,  and  to  be  carried  on  the  floor  during  the  fire  test. 

The  floor  may  be  tested  as  soon  after  construction  as  de- 
sired, but  within  forty  days.  Artificial  drying  will  be  allowed 
if  desired. 

The  floor  is  to  be  subjected  to  the  continuous  heat  of  a  wood 
fire,  averaging  not  less  than  1700°  F.  for  four  hours. 

The  heat  obtained  shall  be  measured  by  means  of  standard 
pyrometers,  under  the  direction  of  an  experienced  person.  The 
type  of  pyrometer  is  immaterial  so  long  as  its  accuracy  is  secured 
by  proper  standardization.  The  heat  should  be  measured  at  not 
less  than  two  points  when  the  main  floor  span  is  not  more  than  ten 
feet,  and  one  additional  point  when  it  exceeds  ten  feet.  Tempera- 
ture readings  at  each  point  are  to  be  taken  every  three  minutes. 
The  heat  determination  shall  be  made  at  points  directly  beneath 
the  floor  so  as  to  secure  a  fair  average. 

At  the  end  of  the  heat  test  a  stream  of  water  shall  be  directed 
against  the  underside  of  the  floor,  discharged  through  a  one  and 
one-eighth  inch  nozzle,  under  sixty  pounds  nozzle  pressure,  for 
ten  minutes. 

After  the  floor  has  sufficiently  cooled  the  load  on  the  same 
shall  be  increased  to  six  hundred  pounds  per  square  foot,  uni- 
formly distributed. 

The  test  shall  not  be  regarded  as  successful  unless  the  follow- 
ing conditions  are  met:  No  fire  or  smoke  shall  pass  through  the 
floor  during  the  fire  test;  the  floor  must  safely  sustain  the  loads 
prescribed;  the  permanent  deflection  must  not  exceed  one-eighth 
inch  for  each  foot  of  span  in  either  slab  or  beam. 


REPORT  OF  COMMITTEE  Q  ON 
STANDARD  SPECIFICATIONS  FOR  THE  GRADING 
OF  STRUCTURAL  TIMBER. 

The  organization  of  the  Committee  is  as  follows: 
Hermann  von  Schrenk,  Chairman. 
W.  K.  Hatt,  Secretary. 

Sub- Committee  on  Bridge  and  Trestle  Timbers: 

W.  K.  Hatt,  Purdue  University,  Lafayette,  Ind. 

B.  E.  Fernow,  Ithaca,  N.  Y. 

M.  B.  Nelson,  Long-Bell  Lumber  Company,  Kansas  City,  AIo. 
H.  W.  Lohmann,  302  Lincoln  Trust  Building,  St.  Louis,  ^lo 
A.  F.  Robinson,  A.,  T.  &  S.  F.  Ry.,  Chicago^  Ills. 

D.  W.  Lum,  Southern  Ry.,  Washington,  D.  C. 

Sub-Committee  on  Car  Sills  and  Car  Framing: 

R.  S.  Kellogg,  Forest  Service,  Washington,  D.  C. 

Chas.  E.  Davis,  25  Broad  Street,  New  York,  N.  Y. 

M.  B.  Nelson,  Long-Bell  Lumber  Company,  Kansas  City,  Mo. 

Sub-Committee  on  Framing  for  Buildings: 

E.  J.  Russell,  Chemical  Building,  St.  Louis,  Mo. 
J.  L.  Mauran,  Chemical  Building,  St.  Louis,  Mo. 

M.  R.  Sanguinet,  Home  Building,  Fort  Worth,  Texas. 
A.  O.  Elzner,  136  Ingalls  Building,  Cincinnati,  Ohio. 
M.  B.  Nelson,  Long-Bell  Lumber  Co.,  Kansas  City,  Mo. 
W.  S.  Fames,  Lincoln  Trust  Building,  St.  Louis,  Mo. 

Sub-Committee  on  Ship  Timbers: 

Alex.  J.  Maclean,  Fordham  Heights,  New  York  City. 

Sub-Committee  on  Cross  Arms  for  Poles: 

A.  N.  Mansfield,  125  Milk  Street,  Boston,  Mass. 

C.  R.  Bangs,  15  Dey  Street,  New  York,  N.  Y. 

W.  M.  Carpenter,  Heyworth  Building,  Chicago,  Ills. 

During  the  year  meetings  were  held  on  February  2  and  May 
II,  at  St.  Louis,  Mo. 
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A  meeting  of  the  Sub-Committee  on  Bridge  and  Trestle 
Timbers  was  held  jointly  with  the  Committee  on  Wooden  Bridges 
and  Trestles  of  the  American  Railway  Engineering  and  Main- 
tenance of  Way  Association  at  Chicago,  ]\ larch  19,  at  which 
standard  specifications  for  bridge  and  trestle  timbers  were  adopted 
to  be  reported  by  the  two  Committees  to  their  respective  organiza- 
tions. 

I.  Definition  of  Structural  Timber. 

No  change  has  been  made  in  the  definition  as  recommended 
in  the  report  of  the  Committee  for  1906. 

II.  Standard  Defects. 

The  Committee  has  made  revision  as  follows: 

Insert  the  footnote  found  on  page  130,  Proceedings,  Vol.  VI, 
1906,  in  the  body  of  the  report,  immediately  following  the  intro- 
ductory paragraph. 

In  the  definition  of  spike  knot,  change  the  word  "diameter" 
to  "width." 

Definition  of  "Ring  Shake"  and  "Through  Shake"  added. 

The  definitions  of  standard  defects,  modified  as  above, 
are  given  on  page  187. 

III.  Standard  Names  for  Structural  Timbers. 

After  a  large  amount  of  correspondence  with  himber  dealers, 
botanists,  and  other  interested  parties,  the  standard  names  as 
recommended  in  the  report  of  the  Committee  for  last  year  were 
modified  as  follows: 

Referring  to  the  Proceedings,  Vol.  VI,  1906. 

Page  132,  line  22,  the  word  "Cuban"  inserted  after  the  word 
"if." 

Page  132,  line  29,  the  words  "or  pine"  inserted  after  the 
words  "Puget  Sound  fir." 

Page  133,  No.  10,  the  word  "white"  omitted  from  the  term 
"western  white  pine,"  making  the  term  as  adopted  "western 
pine."  Also  the  words  "western  white  pine"  inserted,  hne  10, 
after  the  words  "white  pine." 
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The  standard  names  and  definitions  of  defects  as  reported  by 
Committee  Q  last  year  were  recommended  to  the  American 
Railway  Engineering  and  Maintenance  of  Way  Association, 
Januar}',  1907,  by  the  Committee  on  Wooden  Bridges  and  Trestles, 
with  the  exception  that  southern  yellow  pine  is  made  to  include 
three  classes:  (a)  longleaf  pine,  (b)  shortleaf  pine,  (c)  loblolly- 
pine,  and  the  term  western  white  pine  is  used. 

This  Committee  also  includes  the  standard  names  for  oak. 

The  trade  names  as  now  recommended  are  given  on  page 
189. 

IV.  Standard  Specifications  for  Bridge  and  Trestle 

Timbers. 

These  specifications  are  given  on  page  190. 

V.  Proposed  Specifications  for  Car  Sills  and  Car  Framing 
FOR  Freight  Cars. 

The  following  specifications  have  been  considered  by  the 
Committee,  and  are  submitted  as  a  preliminary  report,  it  being 
the  intention  of  the  Committee  to  give  these  further  consideration 
during  the  coming  year: 

general  rules. 

All  timber  shall  be  sound,  sawed  standard  size,  square  edged, 
unless  otherwise  specified,  free  from  unsound  or  loose  knots, 
knot  holes,  and  ring  shakes. 

Standard  Size  0}  Sauced  Timbers. — Rough  timbers  when  sawed 
to  standard  size,  shall  mean  that  they  shall  not  be  over  \  in.  scant 
from  actual  size  specified.  For  instance,  a  12  in.  x  12  in.  shall 
measure  not  less  than  iifin.  x  iif  in. 

Standard  Dressing  0}  Sau'ed  Timbers. — Standard  dressing 
means  that  not  more  than  \  in.  shall  be  allowed  for  dressing  each 
surface.  For  instance,  a  12  in.  x  12  in.  shall  after  dressing  four 
sides,  not  measure  less  than  11^  in.  x  iij  in. 

sills. 

No.  I.  Longleaj  Pine  or  Douglas  Fir. — Shall  be  square  edged 
and  show  not  less  than  85  per  cent,  heart  on  wide  faces,  measured 
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anywhere  in  the  length  of  the  piece;  sound,  tight  knots  less  than 
2  in.  in  diameter  and  standard  pitch  pockets  permitted  when  not 
clustered;  grain  must  be  close  and  straight. 

No.  2.  Longleaj  Pine,  Shortleaj  Pine,  Norway  Pine,  Western 
Pine,  Douglas  Fir,  Western  Hemlock. — Same  specifications  as 
for  No.  I,  except  that  sound,  tight  knots  less  than  2^  in.  in  diameter, 
if  well  scattered,  will  be  permitted  in  longleaf  pine  and  Douglas 
fir;  wane  not  to  exceed  10  per  cent,  of  the  width  of  adjacent  faces 
wall  be  permitted  on  opposite  corners  not  to  exceed  one-half  the 
length  of  the  piece. 

END  SILLS,  END  PLATES,   POSTS,   BRACES,  AND  CARLINES. 

No.  I.  White  or  Red  Oaks. — Shall  show  not  less  than  85  per 
cent,  heart  on  each  face,  measured  anywhere  in  the  length  of  the 
piece;  well-scattered,  standard  knots  permitted. 

No.  2.  Longleaf  Pine  or  Douglas  Fir. — Shall  show  not  less 
than  85  per  cent,  heart  on  each  face,  measured  anywhere  in  the 
length  of  the  piece;  must  be  close,  straight-grained,  and  free  from 
all  defects,  except  well-scattered,  sound,  tight  knots,  not  over 
I  in.  in  diameter. 

SIDE  PLATES. 

No.  I.  Longleaj  Pine,  Douglas  Fir. — Shall  show  not  less 
than  85  per  cent,  heart  on  wide  faces,  must  be  close,  straight- 
grained;  well-scattered,  standard  knots  and  standard  pitch  pockets 
permitted. 

No.  2.  Longleaj  Pine,  Douglas  Fir,  Western  Pine,  Western 
Hemlock,  Shortleaj  Pine. — Same  as  for  No.  i,  except  that  a  few 
well-scattered,  large  knots  will  be  permitted  in  longleaf  pine  and 
Douglas  fir. 

VI.  Framing  for  Buildings. 

The  following  specifications  for  framing  for  buildings  are 
submitted  as  a  preliminary  report,  it  being  the  intention  of  the 
Committee  to  give  further  consideration  to  these  during  the  com- 
ing year: 
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PROPOSED  specifications  FOR  TIMBER  REQUIRED  IN  THE 
CONSTRUCTION  OF  BUILDINGS. 

General  Requirements. 

All  timber  shall  be  cut  from  sound  timber  and  sawed  standard 
size,  close  grained,  free  from  ring  shakes,  decay  and  unsound 
knots,  or  knots  and  other  defects  that  will  materially  impair  its 
strength  and  durabihty. 

Standard  Size  0}  Sawed  Timber. — Rough  timbers  when 
sawed  to  standard  size,  shall  mean  that  they  shall  not  be  over 
^  in.  scant  from  actual  size  specified.  For  instance,  a  12  in.  x  12  in. 
shall  measure  not  less  than  iif  in,  x  iif  in. 

Standard  Dressing  0}  Sawed  Timbers. — Standard  dressing 
means  that  not  more  than  I  in.  shall  be  allowed  for  dressing  each 
surface.  For  instance,  a  12  in.  x  12  in.  shall  after  dressing  four 
sides,  not  measure  less  than  ii|  in.  x  ii|  in. 

Posts:  Longlea}  Yellow  Pine. 

Will  admit  i  in.  wane  on  corners  as  measured  on  faces  of 
timber.  Must  be  free  from  knots  3  in.  in  diameter  or  over,  and 
knots  must  not  be  in  groups. 

Beams  and  Girders:  Longlea}  Yellow  Pine. 

Will  admit  i  in.  wane  on  one  corner  as  measured  on  faces  of 
timber.  Sound  knots  less  than  3  in.  in  diameter  will  be  permitted 
on  the  vertical  faces  at  points  not  less  than  one  quarter  the  depth 
from  the  edge  of  the  piece;  sound,  tight  knots  not  exceeding  i^ 
inches  at  other  points,  provided  they  are  not  in  clusters. 

Joists:  Longlea}   Yellow  Pine,  Shortlea}   Yellow  Pine. 

All  joists  over  2  in.  in  thickness  to  comply  with  the  require- 
ments for  beams  and  girders. 

Joists  2  in.  in  Thickness,  will  admit  sound  knots,  none  of 
which  in  2  X  4's  should  be  larger  than  2  in.  in  diameter  on  one  or 
both  sides  of  the  piece,  and  on  wider  stock  which  do  not  occupy 
more  than  one-third  of  the  cross-section  at  any  point  throughout  its 
length  if  located  at  the  edge  of  the  piece;  or  more  than  one-half  of 
the  cross-section  if  located  away   from  the   edge;    pith  knots, 
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or. smaller  or  more  defective  knots  which  do  not  weaken  the  piece 
more  than  the  knot  aforesaid;  will  admit  of  seasoning  checks, 
firm  red  heart,  heart  shakes  that  do  not  go  through,  wane  |  deep 
on  edge,  \  the  width  and  ^  the  length  of  the  piece,  pitch,  sap  stains, 
pitch  pockets,  sphts  in  ends  not  exceeding  in  length  the  width  of 
the  piece,  a  Hmited  number  of  small  worm  holes  well  scattered, 
and  such  other  defects  as  do  not  prevent  its  use  as  substantial 
structural  material. 

VII.  During  the  year  progress  reports  have  been  submitted 
by  the  Sub-Committee  on  Cross  Arms  for  Poles  and  the  Sub- 
committee on  Ship  Timbers. 

Conclusions. 

1.  The  Committee  recommends  that  the  following  specifica- 
tions be  submitted  to  letter  ballot : 

(a)  Definition  of  defects. 

(b)  Standard  names  for  structural  timbers. 

(c)  Standard  specifications  for  bridge  and  trestle  timbers. 

2.  The  Committee  submits  the  following  as  preliminary 
reports: 

(a)  Specifications  for  car  sills  and  car  framing. 

(b)  Specifications  for  framing  for  buildings. 

Respectfully  submitted  on  behalf  of  the  Committee, 

Hermann  von  Schrenk, 

Chairman. 
W.  K.  Hatt, 

Secretary. 
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STANDARD  SPECIFICATIONS  FOR  STRUCTURAL 
TIMBER. 

Adopted  September  i,    1907. 


I.  Definition  of  Structural  Timber. 

By  the  term  "  Structural  Timber "  the  Committee  under- 
stands all  such  products  of  wood  in  which  the  strength  of  the 
timber  is  the  controlling  element  in  their  selection  and  use.  The 
following  is  a  Hst  of  products  which  are  recommended  for  con- 
sideration as  structural  timbers: 

Trestle  Timbers. — Stringers,  caps,  posts,  mud  sills,  bracing, 
bridge  ties,  guard  rails. 

Car  Timbers. — Car  framing,  including  upper  framing;  car 
sills. 

Framing  for  Buildings. — Posts,  mud  sills,  girders,  framing, 
joists. 

Ship  Timbers. — Ship  timbers,  ship  decking. 

Cross  Arms  jor  Poles. 


II.  Standard  Defects. 

Measurements  which  refer  to  the  diameter  of  knots  or  holes 
should  be  considered  as  referring  to  the  mean  or  average  diameter. 

(1^7) 
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1.  Sound  Knot. — A  sound  knot  is  one  which  is  soHd  across 
its  face  and  which  is  as  hard  as  the  wood  surrounding  it;  it  may 
be  either  red  or  black,  and  is  so  fixed  by  growth  or  position  that 
it  will  retain  its  place  in  the  piece. 

2.  Loose  Knot. — A  loose  knot  is  one  not  firmly  held  in  place 
by  growth  or  position. 

3.  Pith  Knot. — A  pith  knot  is  a  sound  knot  with  a  pith  hole 
not  more  than  I  inch  in  diameter  in  the  center. 

4.  Encased  Knot. — An  encased  knot  is  one  which  is  sur- 
rounded wholly  or  in  part  by  bark  or  pitch.  Where  the  encase- 
ment is  less  than  |  of  an  inch  in  width  on  both  sides,  not  exceeding 
one-half  the  circumference  of  the  knot,  it  shall  be  considered  a 
sound  knot. 

5.  Rotten  Knot. — A  rotten  knot  is  one  not  as  hard  as  the  wood 
it  is  in. 

6.  Pin  Knot.— A  pin  knot  is  a  sound  knot  not  over  ^  inch  in 
diameter. 

7.  Standard  Knot. — A  standard  knot  is  a  sound  knot  not  over 
1 1  inches  in  diameter. 

8.  Large  Knot. — A  large  knot  is  a  sound  knot,  more  than  i| 
inches  in  diameter. 

9.  Round  Knot. — A  round  knot  is  one  which  is  oval  or  circular 
in  form. 

10.  Spike  Knot. — A  spike  knot  is  one  sawn  in  a  lengthwise 
direction ;  the  mean  or  average  width  shall  be  considered  in  meas- 
uring these  knots. 

11.  Pitch  Pockets. — Pitch  pockets  are  openings  between 
the  grain  of  the  wood  containing  more  or  less  pitch  or  bark. 
These  shall  be  classified  as  small,  standard  and  large  pitch 
pockets. 

(a)  Small  Pitch  Pocket.  A  small  pitch  pocket  is  one  not 
over  ^  of  an  inch  wide. 

(b)  Standard  Pitch  Pocket.  A  standard  pitch  pocket  is  one 
not  over  f  of  an  inch  wide,  or  3  inches  in  length. 

(c)  Large  Pitch  Pocket.  A  large  pitch  pocket  is  one  over 
I  of  an  inch  wide,  or  over  3  inches  in  length. 

12.  Pitch  Streak. — A  pitch  streak  is  a  well-defined  accumu- 
lation of  pitch  at  one  point  in  the  piece.  When  not  sufficient 
to  develop  a  well-defined  streak,  or  where  the  fiber  between  grains, 
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that  is,  the  coarse-grained  fiber,  usually  termed  "Spring  wood," 
is  not  saturated  with  pitch,  it  shall  not  be  considered  a  defect. 

13.  Wane. — Wane  is  bark,  or  the  lack  of  wood  from  any  cause, 
on  edges  of  timbers. 

14.  Shakes. — Shakes  are  splits  or  checks  in  timbers  which 
usually  cause  a  separation  of  the  wood  between  annual  rings. 

15.  Rot,  Dote  and  Red  Heart. — Any  form  of  decay  which 
may  be  evident  either  as  a  dark  red  discoloration  not  found  in 
the  sound  wood,  or  the  presence  of  white  or  red  rotten  spots,  shall 
be  considered  as  a  defect. 

16.  Ring  Shake. — An  opening  between  the  annual  rings. 

17.  Through  Shake. — A  shake  which  extends  between  two 
faces  of  a  timber. 


III.  Standard  Names  for  Structural  Timbers. 

1.  Southern  Yellow  Pine. — Under  this  heading  two  classes 
of  timber  are  used,  (a)  Longleaf  Pine,  (b)  Shortleaf  Pine. 

It  is  understood  that  these  two  terms  are  descriptive  of  quahty, 
rather  than  of  botanical  species.  Thus,  shortleaf  pine  would 
cover  such  species  as  are  now  known  as  North  CaroHna  pine, 
loblolly  pine,  and  shortleaf  pine.  "Longleaf  Pine"  is  descriptive 
of  quahty,  and  if  Cuban,  shortleaf,  or  loblolly  pine  is  gro\vn  under 
such  conditions  that  it  produces  a  large  percentage  of  hard 
summer  wood,  so  as  to  be  equivalent  to  the  wood  produced 
by  the  true  longleaf,  it  would  be  covered  by  the  term  "Longleaf 
Pine." 

2.  Douglas  Fir. — The  term  "Douglas  Fir"  to  cover  the 
timber  knowTi  likewise  as  yellow  fir,  red  fir,  western  fir,  Wash- 
ington fir,  Oregon  or  Puget  Sound  fir  or  pine,  norwest  and  west 
coast  fir. 

3.  Norway  Pine,  to  cover  what  is  kno^vn  also  as  "Red 
Pine." 

4.  Hemlock,  to  cover  Southern  or  Eastern  hemlock;  that 
is,  hemlock  from  all  States  east  of  and  including  Minnesota. 

5.  Western  Hemlock,  to  cover  hemlock  from  the  Pacific  coast. 

6.  Spruce,  to  cover  Eastern  spruce;  that  is,  the  spruce  timber 
coming  from  points  east  of  Minnesota. 
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7.  Wester)!  Spruce,  to  cover  the  spruce  timber  from  the  Pacific 
coast. 

8.  White  Pine,  to  cover  the  timber  which  has  hitherto  been 
kno\Mi  as  white  pine,  from  Maine,  Michigan,  Wisconsin  and 
Minnesota. 

9.  Idaho  White  Pine,  the  variety  of  white  pine  from  western 
Montana,  northern  Idaho,  and  eastern  Washington. 

10.  Western  Pine,  to  cover  the  timber  sold  as  white  pine 
coming  from  Arizona,  Cahfornia,  New  Mexico,  Colorado,  Oregon 
and  Washington.  This  is  the  timber  sometimes  known  as  "West- 
em  Yellow  Pine,"  or  "Ponderosa  Pine,"  or  "California  White 
Pine,"  or  "Western  White  Pine." 

11.  Western  Larch,  to  cover  the  species  of  larch  or  tamarack 
from  the  Rocky  Mountain  and  Pacific  coast  regions. 

12.  Tamarack,  to  cover  the  timber  known  as  "Tamarack," 
or  "Eastern  Tamarack,"  from  States  east  of  and  including  Min- 
nesota. 

13.  Redwood,  to  include  the  California  wood  usually  known 
bv  that  name. 


IV.  Standard  Specifications  for  Bridge  and  Trestle 

Timbers. 

(To  be  applied  to  solid  members  and  not  to  composite  members.) 

general  requirements. 

Except  as  noted  all  timber  shall  be  cut  from  sound  trees 
and  sawed  standard  size;  close  grained  and  solid;  free  from  defects 
such  as  injurious  ring  shakes  and  crooked  grain;  unsound  knots; 
knots  in  groups;  decay;  large  pitch  pockets,  or  other  defects  that 
wi'U  materially  impair  its  strength. 

Standard  Size  of  Sawed  Timber. — Rough  timbers  when 
sawed  to  standard  size,  shall  mean  that  they  shall  not  be  over 
\  in,  scant  from  actual  size  specified.  For  instance,  a  12  in.  x  12  in. 
shall  measure  not  less  than  iifin.  xiifin. 

Standard  Dressing  of  Sawed  Timbers. — Standard  dressing 
means  that  not  more  than  \  in.  shall  be  allowed  for  dressing  each 
surface.  For  instance,  a  12  in.  x  12  in.  shall  after  dressing  four 
sides,  not  measure  less  than  11^  in.  x  ii|  in. 
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No.  I.  Longleaj  Yellow  Pine  and  Douglas  Fir. — Shall  show 
not  less  than  80  per  cent,  of  heart  on  each  of  the  four  sides,  meas- 
ured across  the  sides  anywhere  in  the  length  of  the  piece;  loose 
knots,  or  knots  greater  than  iMn.  in  diameter,  will  not  be  permitted 
at  points  within  4  inches  of  the  edges  of  the  piece. 

No.. 2.  Longleaj  Yellow  Pine,  SJiortleaf  Pine,  Douglas  Fir,  and 
Western  Hemlock. — Shall  be  square  edged,  except  it  may  have 
I  in.  wane  on  one  corner.  Knots  must  not  exceed  in  their  largest 
diameter  I  the  width  of  the  face  of  the  stick  in  which  they  occur. 
Ring  shakes  extending  not  oyer  |  of  the  length  of  the  piece  are 
admissible. 


CAPS  and  sills. 

No.  I.  Longleaj  Yellow  Pine  and  Douglas  Fir. — Shall  show 
85  per  cent,  heart  on  each  of  the  four  sides,  measured  across  the 
•sides  anywhere  in  the  length  of  the  piece;  to  be  free  from  knots 
over  2^  in.  in  diameter;  knots  must  not  be  in  groups. 

No.  2.  Longleaj  and  Shortleaj  Yellow  Pine,  Douglas  Fir  and 
Western  Flemlock. — Shall  be  square  edged,  except  it  may  have 
I  in.  wane  on  one  corner,  or  |  in.  wane  on  two  comers.  Knots 
must  not  exceed  in  their  largest  diameter  ^  the  width  of  the  face  of 
the  stick  in  which  they  occur.  Ring  shakes  extending  not  over  | 
the  length  of  the  piece  are  admissible. 


POSTS. 

No.  I.  Longleaj  Yellow  Pine  and  Douglas  Fir. — Shall  show 
not  less  than  75  per  cent,  heart,  measured  across  the  face  anywhere 
on  the  length  of  the  piece;  to  be  free  from  knots  over  2h  in.  in 
diameter,  and  must  not  be  in  groups. 

No.  2.  Longleaj  and  Shortleaj  Yellow  Pine,  Douglas  Fir  and 
Western  Hemlock. — Shall  be  square  edged,  except  it  may  have 
I  in.  wane  on  one  comer,  or  \  in.  wane  on  two  comers.  Knots 
must  not  exceed,  in  their  largest  diameter,  \  the  width  of  the  face 
of  the  stick  in  which  they  occur.  Ring  shakes  shall  not  extend 
over  1^  of  the  length  of  the  piece. 
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LONGITUDINAL  STRUTS  OR  GIRTS. 

No.  I.  Longleaf  Yellow  Pine  and  Douglas  Fir. — Shall  show 
one  face  all  heart;  the  other  face  and  two  sides  shall  show  not  less 
than  85  per  cent,  heart,  measured  across  the  face  or  side  anywhere 
in  the  piece;  to  be  free  from  knots  i^  in.  in  diameter  and  over. 

No.  2.  Longleaf  and  Shortleaj  Yellow  Pine,  Douglas  Fir,  and 
Western  Hemlock. — Shall  be  square  edged  and  sound;  to  be  free 
from  knots  ih  in.  in  diameter  and  over. 

LONGITUDINAL  X-BRACES,  SASH  BRACES  AND  SWAY  BRACES. 

No.  I.  Longleaf  Yellow  Pine  and  Douglas  Fir. — Shall  show 
not  less  than  80  per  cent,  heart. on  two  faces  and  four  square  edges; 
to  be  free  from  knots  over  i|  in.  in  diameter. 

No.  2.  Longleaf  and  Shortleaf  Yellotv  Pine,  Douglas  Fir,  and 
Western  Hemlock. — Shall  be  square  edged  and  sound;  to  be  free 
from  knots  2^  in.  in  diameter  and  over. 


REPORT  OF  COMMITTEE  S  ON 
WATERPROOFING  MATERIALS. 

During  the  past  year  an  attempt  has  been  made  to  inaugurate 
the  program  outhned  in  the  last  report. 

Sub- Committee  A,  which  has  charge  of  the  investigations  in 
connection  with  all  non-bituminous  waterproofing  materials 
used  as  incorporated  mixes  "vs-ith  mortars  or  concretes  or  as  surface 
washes,  planned  a  series  of  tests,  and  enlisted  the  assistance  of 
three  well-equipped  laboratories.  Unfortunately  the  pressure  of 
other  work  deferred  the  inauguration  of  the  proposed  tests  until 
too  late  in  the  year  to  get  as  positive  results  at  long  periods  as  had 
been  hoped  for.  Only  recently  records  extending  to  three  month 
periods  have  been  received  in  full  from  two  of  the  three  laborato- 
ries, the  other  one  being  unable  to  complete  the  program  of  tests 
and  only  returning  partial  results. 

In  view  of  the  absolute  necessity  for  further  corroboration 
before  reporting  any  positive  conclusions,  it  is  deemed  best  to  make 
this  report  only  a  general  one  of  progress.  As  said  last  year,  the 
chairman  would  welcome  suggestions  from  any  member  of  the 
full  Committee  as  to  possible  tests  to  be  undertaken,  the  program 
followed  so  far  being  the  result  of  informal  conferences  between 
a  few  members,  equipped  to  undertake  the  investigations  and 
having  special  experience  therewith. 

The  only  conclusion  possible  at  this  time,  from  data  so  far 
obtained,  indicate  that  the  majority  of  waterproofing  compounds 
examined  under  the  jurisdiction  of  Sub-Committee  A  are  no  more 
effective  than  untreated  properly  proportioned  mixes  which 
certainly  can  be  made  absolutely  waterproof  by  the  use  of  proper 
materials  and  well  proportioned  mixes.  It  is  entirely  possible 
that  some  compounds  do  effect  an  improvement  in  badly  pro- 
portioned mortars  and  concretes  made  up  of  inferior  materials. 
Undoubtedly  some  surface  washes  are  effective. 

Through  a  misunderstanding  the  work  of  Sub-Committee  B 
in  charge  of  Bituminous  Materials,  has  so  far  resulted  in  nothing 
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on  which  to  base  a  report,  except  of  progress;  it  is  hoped  that 
another  year  will  furnish  results. 

Respectfully  submitted  on  behalf  of  the  Committee, 

W.  A.  Aiken, 
Chairman. 
A.  W.  Dow, 

Secretary. 


REPORT  OF  COMMITTEE  T  ON 

THE  TEMPERING  AND  TESTING  OF  STEEL  SPRINGS 

AND  STANDARD  SPECIFICATIONS  FOR 

SPRING  STEEL 

The  Committe  can  only  report  progress  at  this  time.  Con- 
siderable work  has  been  done,  individually  and  collectively,  but 
the  more  one  does  the  more  one  finds  there  is  to  do. 

Till  very  recently  the  testing  of  springs  has  been  considered  so 
simple  that  definite  instructions  seemed  superfluous.  This  may 
hold  true  with  helical  and  volute  springs,  which  show  a  keen  desire 
to  follow  the  formulae,  but  with  elliptic  springs  however,  as  men- 
tioned last  year,  the  friction  between  the  plates  introduces  an 
element  of  variation  which  seems  to  follow  to  neither  rule  nor 
reason. 

In  plotting  tests  of  leaf  springs,  it  is  found  that  there  is  a  wide 
difference  in  the  height  of  the  spring  at  specified  load,  depending 
upon  whether  the  load  was  gradually  applied  or  released  from 
50  per  cent,  to  100  per  cent,  overload.  This  difference  will  be 
from  I  in.  to  i  J  in.  For  this  reason  if  a  specification  is  submitted 
allowing  tg  in.  over  or  under  the  specified  height,  the  total  allow- 
ance would  be,  not  f  in.  but  from  |  in.  to  if  in.,  depending  on  the 
amount  of  friction  in  the  spring.  This  is  illustrated  by  Fig.  i, 
which  is  submitted  to  show  the  action  of  two  springs  AA  and 
BB'  identical,  except  in  that  AA'  has  4  in.  free  height  and  BB' 
3  in.  free  height.  If  we  consider  that  these  springs  have  a  speci- 
fied load  of  25,000  pounds  and  i  in.  height  under  that  load,  then 
both  springs  could  be  made  to  meet  this  height  with  the  usual 
T6  in.  allowance  either  way,  AA'  on  a  released  load,  and  BB'  on  an 
applied  load.  It  is  evident  that  if  one  of  these  springs  is  correct 
the  other  is  not,  though  both  would  meet  the  ordinary  specification. 

Of  equal  interest  and  importance  is  that  when  the  load  is 
released  from  a  spring  there  is  no  change  in  height  for  the  first 
3,000  to  6,000  pounds,  depending  somew^hat  on  the  capacity  of 
the  spring.  This  is  often  taken  advantage  of  in  testing  springs  to 
an  open  specification,  in  that  the  operation  will  compress  the  spring 
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to  the  specified  height  as  "G"  in  the  diagram,  then  release  if 
nccessar}-  to  the  specified  load.  The  reverse  is  also  true  so  that 
if  the  second  spring  was  released  from  B'  to  a  height  of  i  in. 
and  then  the  specified  load  applied  the  si)ring  would  be  balanced 
at  "E." 

As  indicated  in  diagram  submitted  last  year,  if  a  spring  at  a 
fixed  height  "  G  "  be  submitted  to  shock,  such  as  tapping  the  leaves 
with  a  hammer,  part  of  the  fricticm  will  be  overcome,  and  the  load 
will  recede  approximately  a  third  the  distance  between  the  applied 
and  released  lo;id  lines.     On  the  other  hand  if  a  spring  under  a 

Height  Free  4  in.  A 
Q 
R 

Height  Free  3  in.  B 


Spe«.  Height  1  i:n 


Fig.    r. — Variation  in  Testing  Elliptic  Springs. 
Specified  Load,  25,000  pounds. 


uniform  load  as  at  "C"  be  submitted  to  a  shock,  such  as  tapping 
the  leaves  with  a  hammer,  part  of  the  friction  will  be  overcome, 
and  the  height  wiU  recede  approximately  a  third  the  difference 
between  the  applied  and  released  load  lines.  For  this  reason  a 
spring  in  service  will  always  stand  below  the  appHed  load  line  and 
above  the  release  load  line.  Again  in  service,  springs  are  some- 
times submitted  to  as  much  as  60  per  cent,  overload,  as  was  shown 
by  investigations  of  Mr.  Wm.  Mussey  of  the  Long  Island  Railway. 
This  would  result  in  springs  standing,  upon  resuming  normal  load, 
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near  the  released  load  line  or  from  |  in.  to  |  in.  below  the  original 
height.  In  locomotive  service  if  all  the  springs  are  equalized 
together,  this  difference  in  height  would  matter  little  but  if  the 
extreme  springs  are  cross  equahzed  only,  as  is  sometimes  the  case 
with   the  front    set  in  switching  engines,  this  increased  set  may 

Height  Free  33f  en. 
Height  Free  3H  in. 


Pe^ght  FreeSK  in. 

Height  Free  3M  in. 

Base  Line 


Fig.  2. — Comparison  of  Applied  and  Released  Load  Tests. 
Specified  Load,  25,000  pounds. 

lower  the  one  end  of  the  boiler,  and  by  shifting  the  load  cause  per- 
manent increased  set  or  weak  springs,  which  are  always  cause  for 
replacement. 

The  Cormnittee  has  compared  during  the  year  the  action  of 
springs  in  a  surging  machine,  as  compared  with  the  rigid  machines 
now  in  common  use.  It  is  found  that  after  repeated  surging  the 
spring  stands  about  one-third  below  the  appUed  load  height.  By 
measuring  this  height  on  applied  load  hne  it  was  found  to  be  from 
12^  per  cent,  to  18  per  cent,  over  load.  It  was  suggested  that  12^ 
per  cent,  overload  would  be   close  enough  for  practical  use,  but 
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on  further  discussion  it  was  decided  that  either  the  applied  or 
released  load  test  would  be  simpler  and  accomplish  the  same 
result. 

The  Sub- Committee  on  tempering  has  obtained  bars  of  Bes- 
semer, open  hearth  and  vanadium  steel  and  expects  to  have 
results  along  this  line  within  a  short  time. 

The  Committee  desires  to  submit  the  following  tentative 
specification  which  covers  both  the  applied  and  released  load  tests 
and  would  ask  for  as  w'ide  a  discussion  as  possible  at  this  meeting, 
and  that  members  use  the  specification  during  the  ensuing  year 
and  report  results  obtained. 

Tentative  Specifications  for  Steel  Springs. 

PROCESS  of  manufacture. 

1.  Steel  for  springs  may  be  made  by  the  open  hearth  and 

crucible  process. 

chemical  properties. 

2.  There  will  be  two  classes  of  spring  steel  which  shall  con- 

form to  the  following  limits  in  chemical  composition : 

Elliptic  and  semi-elliptic.  Coil. 

Carbon 90  to  i.io  not  under  .90 

Manganese  shall  not  exceed.  . .                    .50  .50 

Phosphorus       "             "        ..'.                  .05  .05 

Sulphur               "            "'       ...                   .05  .05 

Bands  w^ill  be  made  of  wTought  iron  to  A.  S.  T.  M. 
requirements. 

test  pieces  and  method  of  testing. 

3.  At  least  25  per  cent,  of  each  lot  of  shipment  of  springs 

selected  at  random,  will  be  submitted  to  the  following 

test : 
4  (a).    Springs,   with   ends  of  semi-elliptics  supported   on 

swinging  or  roller  bearings,  must  not  be  less  nor  more 

than    I   in.   over   specified   height,   under   "applied" 

specified  load,  and  must  not  take  permanent  set  when 

free. 
4  (6).     Springs,   with  ends  of  semi-eUiptics  supported  on 

swinging  or  roller  bearings  when  released  from  one 
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and  one-half  limes  specified  load,  must  not  be  higher 
nor  more  than  f  in.  lower  than  specified  height,  and 
must  not  take  permanent  set  when  free. 

finish. 

5.  Plates  must  fit  closely  together  at  all  times,  and  deflect 

uniformly  under  test  loads. 

6.  Plates  must  be  free  from  lamination  and  other  defects 

and  must  not  vary  from  card  more  than  .03  in.  in 
width,  nor  more  than  .02  in.  in  thickness. 

7.  Bands  must  not  vary  from  card  more  than  |  in.  in  width 

and  ^\  in.  in  thickness,  and  must  be  free  from  injurious 
flaws  and  defects. 

8.  Length  from  center  to  center  under  specified  load  must 

not  vary  more  than  \  in.  from  card. 

marking. 

9.  Each  spring  must  be  stamped  on  one  side  of  band  with 

maker's  mark,  and  date  made  (month  and  year). 

inspection. 

10.  The  inspector  representing  the  purchaser,  shall  have 
all  reasonable  facilities  afforded  to  him  by  the  manu- 
facturer to  satisfy  him  that  the  finished  material  is 
furnished  in  accordance  with  these  specifications.  All 
tests  and  inspections  shall  be  made  at  the  place  of 
manufacture,  prior  to  shipment. 

Fig.  2  illustrates  the  difference  between  the  two  methods 
of  testing.  The  release  test  will  give  a  higher  spring  under  all 
conditions,  depending  on  the  difference  between  the  height  under 
applied  and  released  loads.  In  the  present  instance  with  an 
assumed  difference  of  f  in.  the  release  test  would  give  a  spring 
I  in.  higher. 

As  there  is  considerable  more  work  yet  to  be  done,  it,  is 
recommended  that  the  Committee  be  continued  another  year. 

Respectfully  submitted  on  behalf  of  Committee, 

J.  A.  KiNKEAD, 

Chmrman. 


DISCUSSION. 


The  President. 


Mr.  Kinkead. 


The  President. 


Mr.  Stevenson. 


Mr.  L&nza. 


The  President. — Gentlemen,  this  subject  is  before  you. 
Since  I  am  on  my  feet  1  would  like  to  ask  Mr.  Kinkead  if  he 
knows  what  the  carbon  was  in  the  vanadium  steel. 

Mr.  J.  A.  Kinkead. — I  have  not  been  able  to  get  an  analysis 
of  it  yet. 

The  President. — We  made  some  analyses  of  vanadium 
steel  that  was  too  low  in  carbon.  They  told  us  it  was  40.  The 
samples  we  worked  on  were  vanadium  and  chrome,  the  chrome 
being  about  .40  per  cent.,  the  vanadium  rarely  above  .2  per  cent. 
But  I  was  wondering  whether  vanadium  low  carbon  steel  was 
going  to  give  us  what  we  want.  I  don't  know  the  difficulty  of 
getting  higher  carbon  vanadium.  If  the  carbon  goes  up  higher 
I  think  the  concern  would  go  away  up  in  the  air. 

Mr.  a.  a.  Stevenson. — There  is  a  rather  curious  thing  in 
regard  to  vanadium;  that  is,  it  acts  very  much  better  with  some 
alloy,  such  as  chrome.  You  can  not  get  the  same  results  from 
vanadium  alone. 

Mr.  G.  Lanza. — It  may  be  worth  while,  in  this  connection, 
to  state  a  few  facts  regarding  our  own  experience  in  making 
tests  of  this  kind,  in  connection  with  the  thesis  work  of  my 
students. 

In  the  first  of  the  three  theses,  viz.,  that  by  Mr.  H.  J.  Macin- 
tire,  the  attempt  was  made  to  determine  the  modulus  of  elasticity, 
and  the  breaking  strength  and  limit  of  elasticity  of  round  tempered 
spring  steel,  both  for  tension  and  for  torsion,  and  while  some  results 
were  obtained,  the  greatest  difficulty  encountered  was  the  fact 
that  the  steel  was  so  hard  that  the  jaws  of  the  testing  machines 
were  incapable  of  holding  it,  so  that  they  allowed  slippage,  and 
also  the  jaws  themselves  were  destroyed.  It  appears,  therefore, 
that  some  means  should  be  devised  for  obviating  this  difficulty. 

In  the  second  thesis,  viz.,  that  of  Messrs.  H.  V.  Coes  and 
C.  A.  Howard,  an  apparatus  was  placed  upon  one  of  the  driving 
springs  of  locomotives  in  service,  which  would  give  a  continuous 
record  of  the  deflection  of  the  spring,  the  object  being  to  ascertain 
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the  amount  of  overload  of  the  spring  in  passing  over  frogs,  dia-  Mr.  Lanza. 
monds,  switches,  and  irregularities  of  track,  that  due  to  variation 
of  speed,  to  application  of  the  brakes,  etc.     Three  springs  were 
tested  in  this  way,  two  of  them  in  freight,  and  one  in  passenger 
service. 

In  one  case,  the  spring  was  subsequently  tested  in  the  testing 
machine,  to  determine  the  load  corresponding  to  the  deflection. 
No  surging  test  was  made. 

In  the  case  of  a  36-inch  spring,  in  freight  service  with  17 
leaves,  each  44  x  f  in.,  where  the  static  load  in  service  was  14,144 
pounds  the  maximum  deflection  due  to  overload  was  0.34  in.  cor- 
responding to  a  static  load  as  shown  in  the  testing  machine  of 
3,500  pounds.  The  maximum  negative  deflection  was  0.48  in., 
the  difference  between  the  greatest  and  least  deflections  being, 
therefore,  0.82  in. 

For  the  other  springs,  similar  results  were  obtained. 

In  the  third  thesis,  viz.,  that  of  ^Messrs.  E.  B.  Snow  and  E.  D. 
Boles,  no  tests  were  made  on  the  road,  but  tests  were  made,  under 
tensile  and  under  transverse  stress,  of  the  spring  metal,  before 
and  after  tempering,  and  also  a  test,  in  the  testing  machine,  of  an 
entire  spring. 

The  results  obtained  showed  clearly,  that  a  great  deal  depends 
upon  the  precautions  taken  in  the  tempering  and  in  the  manu- 
facture of  the  spring. 

In  the  light  of  the  above  stated  tests,  it  appears  that  there  is 
considerable  room  for  improvement,  in  many  cases,  (a)  in  secur- 
ing suitable  material,  (b)  in  the  precautions  taken  as  to  tempera- 
tures, etc.,  in  the  tempering,  and  the  manufacture  of  the  spring, 
and  (c)  that  the  overload,  and  also  the  variations  of  deflection 
in  service,  need  to  be  taken  into  account  in  the  design  of  the 
spring. 

Mr.  H.  Souther. — The  automobile  business  is  driving  the  Mr.  Souther, 
spring  maker  to  greater  extremes  than  ever  before,  certainly  in 
my  experience.  I  see  in  the  preliminary  specifications  pre- 
sented by  Mr.  Kinkead  something  lacking  as  far  as  automobiles 
are  concerned.  For  example,  it  is  almost  certain  that  if  I  were  to 
draw  specifications  for  automobile  purposes  to-day  I  should 
demand  that  the  spring  leaves  be  polished  and,  further  than  that, 
lubricated.     It  makes  all  the  difference  in  the  world  in  the  riding 
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Mr.  Soother,  of  thc  car.  Also  I  do  not  believe  that  any  static  test  as  presented 
will  suttee  for  the  inspection  of. an  automobile  spring.  I  may 
be  getting  to  be  a  bit  cranky  on  dynamic  tests.  Static  tests 
fail  to  measure  the  excellence  of  materials  as  far  as  automobile 
purposes  go. 

As  to  thc  equality  of  steel,  that  is  very  much  in  the  air.  So  far 
carbon  steel  of  good  quality,  ver}'  much  as  specified  by  Mr. 
Kinkead,  if  properly  treated,  does  good  work.  But  I  want  to  say 
that  it  has  not  been  properly  treated  nor  uniformily  treated  in  years 
gone  by.  There  is  one  concern  in  the  West  that  is  going  at  it 
intelligently,  very  intelligently,  so  as  to  get  not  only  better,  but 
absolutely  uniform  treatment,  and  they  are  going  so  far  as  to  use 
double  treatment  for  the  highest  grade  springs. 

I  look  upon  the  treatment  as  being  of  more  importance  than 
the  steel  itself,  variations  in  treatment  will  produce  a  good  spring 
from  rather  ordinary  steel,  and  will  produce  a  rotten  spring  from 
ven'  good  steel.  How  such  a  Society  as  this  can  hope  to  control 
manufacturing  processes  I  do  not  know.  I  have  had  that  in  my 
mind  many  times  and  tried  to  do  it,  but  have  found  it  impractical. 
The  spring  maker  who  has  been  in  business  thirty  or  forty  years 
will  promptly  tell  you  that  he  knows  a  good  deal  more  about  it  than 
you  can  ever  hope  to.  And  consequently  I  think  a  test  must  be 
devised  that  will  be  so  good  as  to  detect  his  weakness,  if  there  be 
any  weakness ;  I  mean  the  weakness  of  improper  treatment. 

Now  I  hope  that  such  a  dynamic  test  can  be  incorporated  in 
the  specifications.  I  am  not  sure  it  is  necessary'  for  locomotive 
people  to  go  to  the  extremes  that  the  automobile  people  must,  but 
I  should  think  it  would  be  a  good  thing  if  they  did,  just  the  same. 
The  question  of  alloy  steels  has  been  brought  up  here  already  in 
the  matter  of  vanadium.  If  the  steel  mentioned  came  from  the 
American  Vanadium  Company  it  is  safe  to  say  it  is  chrome  van- 
adium. I  doubt  very  much  if  they  put  forth  anything  except  chrome 
vanadium. 

Analysis  of  imported  French  springs  indicate  the  use  of  much 
silico-manganese  steel.  The  same  as  is  being  imported  into  this 
countr)'  for  spring  purposes.  Krupp  is  sending  to  this  country 
chrome  nickel  for  spring  purposes ;  and  I  want  to  say  that  whenever 
chrome  or  nickel  or  silico-manganese  is  used,  that  the  carbon 
content   seems   to   be   much   less;   than   proposed  by  the  com- 
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mittee,  the  rare  elements,  so  to  speak,  seeming  to  accentuate  the  Mr.  Souther. 
influence  of  the  carbon  to  such  an  extent  that  lower  carbon  is 
possible.  But  I  believe  that  a  good  high-grade  carbon  steel, 
properly  and  carefully  heat-treated,  will  make  a  most  excellent 
spring.  I  sincerely  hope  that  the  Committee  will  consider  some 
kind  of  fatigue  or  endurance  test.  The  impact  test  may  replace 
that,  but  certainly  something  besides  the  static  test  is  desirable. 

Mr.  Kinkead. — In  regard  to  static  load  of  springs  I  wish  Mr.  Kinkead. 
to  say  that  arrangements  are  being  made  to  make  a  drop  test  as 
well  a  static  test  of  the  same  type  of  springs.  Both  tests  will 
be  made  and  compared,  just  as  we  have  compared  the  surging 
test  with  the  rigid  machine,  and  we  find  that  they  are  in  some 
way  identical.  The  surging  test  gives  a  middle  point  between 
the  test  we  get  with  the  rigid  machine  and  the  static  test. 

Mr.  H.  DeH.  Bright. — The  subject  of  automobile  springs  Mr.  Bright. 
in  relation  to  the  question  of  "Pounds  per  inch  of  deflection"  has 
been  touched  on  in  a  rather  interesting  manner.  We  find  that  an 
automobile  spring  carries  a  load  of  about  500  pounds  per  inch 
deflection,  while  with  a  locomotive  spring,  it  would  appear  that 
14,000  pounds  per  one  inch  deflection  is  the  proper  figure.  The 
question  of  width  must  of  course  be  taken  into  consideration,  and 
the  allowable  load  per  one-inch  deflection  should  be  given  for  one 
inch  of  width,  as  it  is  self-evident  that  a  spring  6  inches  wide  will 
carry  twice  the  load  of  a  spring  3  inches  wide,  with  the  same  results, 
as  the  6-inch  spring  is  practically  the  equivalent  of  two  springs  3 
inches  wide  placed  side  by  side  and  in  the  same  band. 

With  relation  to  the  influence  of  design  on  the  life  of  a  spring, 
we  have  some  interesting  results  from  tw^o  practically  twin  roads. 
We  found  that  the  replacements  on  the  road  where  the  springs 
were  of  a  proper  design  were  in  the  ratio  of  one  against  the  replace- 
ment of  twenty-one  on  the  road  where  the  design  was  not  correct. 
This  replacement  ratio  of  one  to  twenty-one  was  obtained  by 
reducing  both  roads  to  the  same  number  of  locomotives  for  the 
same  period  of  time.  All  springs  on  both  roads  were  made  from  the 
same  quality  of  steel,  at  the  same  time,  and  by  the  same  process. 

Several  designs  of  spring,  of  which  a  great  many  broke  on  the 
road  having  the  excessive  failures,  were  corrected  by  making  a 
spring  of  a  lower  carrying  capacity  and  thinner  plates,  thereby  ob- 
taining a  greater  deflection  per  unit  of  load. 
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Mr.  Bright. 


Mr.  Brown. 


I  therefore  feel  that  a  load  limit  per  one-inch  of  deflection  as 
suggested  by  ]Mr.  Kinkead  is  the  solution  of  excessive  failure. 

Mr.  William  L.  Brown. — The  gripping  apparatus  which  we 
constructed  for  testing  springs  at  Altoona  consisted  of  an  octagonal 
steel  block,  four  sides  of  which  were  serrated  with  90  degree 
grooves,  spaced  about  |  inch  apart.  On  the  four  serrated  sides 
were  a  series  of  movable  jaws,  which  extended  down  and  around 
the  last  coils  at  the  ends  of  the  spring.  In  the  center  of  the  spring 
was  a  tai)ered  block  and  the  jaws  when  they  were  screwed  home, 
pressed  the  wire  against  this  tapered  block.  I  may  say  that  we 
only  tested  the  large  eight- inch  outside  coils  of  the  spring  and  we 
found  this  apparatus  very  effective.  Two  holders  were  provided 
and  fastened  to  the  stationary  and  pulling  heads  of  the  machine 
by  suitable  bolts.  Our  tests  were  made  by  adding  slight  incre- 
ments of  loads,  var}'ing  at  first  by  500  pounds,  until  we  knew 
something  more  about  the  springs,  and  then  by  1,000  pounds, 
starting  at  500  pounds  initial  load;  the  deflection  being  measured  by 
an  ordinary  vernier  scale  to  yio'  of  an  inch.  We  have  taken  and 
stretched  an  ordinary  spring  which  has  a  deflection  between  the 
free  and  solid  heights  under  compression  of  about  five  inches,  to  a 
distance  of  over  18  inches  deflection  without  visible  crack  or  failure 
of  any  kind.  It  seems  to  me  the  difliculty  is  that  our  springs,  as  we 
receive  them,  are  too  soft  and  that  we  could  safely  increase  the 
temper  to  a  very  much  harder  and  stiffer  steel  than  we  use  at 
present.  I  think  the  fact  that  we  stretched  these  springs  to  such 
a  great  deflection  would  render  a  spring  perfectly  safe  to  use,  even 
if  tempered  much  harder. 

Our  formula,  which  is  Reuleaux  formula,  for  helical  springs, 
we  use  with  a  torsional  modulus  of  elasticity  of  12,600,000;  and 
when  we  figured  back  from  the  length  of  the  spring  and  its  deflec- 
tion the  actual  modulus  for  each  of  the  different  working  loads, 
we  found  it  in  every  case  to  be  very  much  lower  than  the  figure 
used  in  our  calculations,  in  some  cases  it  being  as  low  as  6,000,000. 
We  also  took  some  of  these  springs  and  pulled  them  a  second  time. 
That  is,  they  would  have  a  certain  permanent  set  after  the  first 
test  and  we  would  start  with  that  permanent  set  included  in  the 
new  length  of  spring  and  test  them  a  second  time.  In  that  case 
we  raised  the  modulus  from  3,000,000  to  4,000,000,  or  from 
6,000,000  to  about  9,000,000  or  10,000,000.     We  also  ran  into  a 
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very  peculiar  condition,  and  tliat  was,  these  first  springs  which  we  Mr.  Brown. 

tested,  had  all  been  subjected  to  a  compressive  test  when  they  were 

originall}'  made,  and  when  we  reversed  conditions  and  stretched 

the  springs  we  found  that  there  was  a  negative  set;  that  is,  we  had 

to  remove  the  original  compressive  set  and  change  it  to  a  tensile 

set.     We  found  from  4  to  |  and  ^  and  as  much  as  |  of  an  inch  set, 

under  very  light  loads,  with  these  conditions. 

^Mr.  Souther. — I  should  like  to  say  that  I  have  yet  to  find  a  Mr.  Souther, 
well-marked  elastic  limit  in  any  piece  of  well-tempered  spring 
steel.  From  the  beginning  to  the  end  of  the  stress-strain  diagram 
no  straight  line  is  to  be  found.  That  brings  up  the  possibility  of 
measuring  the  temper  of  a  spring  by  the  modulus.  To  do  this  a 
sufficient  number  of  investigative  tests  should  be  made  on  normal 
springs.  Assuming  that  the  normal  fiber  stress  for  a  leaf  spring  or 
other  is  20,000  pounds  per  square  inch,  it  will  doubtless  be  found 
as  a  result  of  such  tests  that  the  modulus  of  elasticity  at  2o,cco 
pounds  per  square  inch  will  fall  within  certain  limits.  Any  spring 
so  tempered  that  when  tested  the  modulus  of  elasticity  falls  without 
these  limits  is  either  too  hard-tempered  or  too  soft-tempered. 

During  the  discussion  it  has  been  quite  rightly  stated  that 
the  tempering  operation  is  all  important,  and  it  strikes  me  that 
the  temper  can  be  controlled  in  some  such  manner. 

Another  point  that  has  not  been,  touched  upon  in  this  discus- 
sion is  the  number  of  leaves  in  the  semi-elliptic  or  full-elliptic 
springs.  The  tendency  in  the  automobile  business  is  to  use  the 
greatest  possible  practical  n'-mbcr  for  any  given  thickness  of 
spring.     Easy  riding  is  certainly  obtained  in  this  way. 

Mr.  Lanza. — I  should  like  to  ask  both  ]Mr.  Brown  and  ]\Ir.  Mr.  Lanza. 
Souther    whether    in    their    determinations   of   the   modulus    of 
elasticity,  they  deducted  the  permanent  set  from  the  strain,  as  it 
is  only  by  so  doing  that  the  true  modulus  of  elasticity  can  be 
found. 

Mr.  Souther. — In  my  observations  I  measured  the  total  Mr.  Souther, 
deflection  or  elongation  in  ten  inches  by  means  of  a  rolling-pin 
extensometer.  The  shape  of  the  curves  was  widely  var}-ing,  but 
by  no  possible  stretch  of  the  imagination  could  any  straight  line 
be  found.  All  were  curves  from  beginning  to  end,  and  the  obser- 
vations were  consistent.  I  am  very  glad  of  the  thought  to  get 
permanent  set  and  will  make  surge  tests.     But  of  course  we  are 
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Mr.  Souther. 


The  Chairman, 
Mr.  Brown. 


Mr.  Kinkead. 


confronted  in  testing  carbon  sj)ring  steel  with  what  Prof.  Lanza 
brought  out,  and  that  is  the  matter  of  gri])S.  ft  is  exceecHngly 
difficult,  and  more  than  that,  it  is  difficult  to  prepare  a  specimen. 
I  attempted  to  take  a  full  width  of  spring  leaf  and  was  not  satis- 
fied with  the  results  and  therefore  annealed  some  leaves,  cut  them 
down  a  quarter  of  an  inch  on  each  side,  .so  as  to  give  a  substantial 
reduction  of  area  throughout  the  ten  inches,  and  then  I  got  w^hat 
I  considered  consistent  results.  Bui  you  see  that  means  that  if 
the  manufacturer  is  permitted  to  prepare  a  specimen  separate  from 
an  actual  leaf  prepared  for  a  spring,  and  he  is  foxy,  he  will  give 
you  what  he  likes. 

The  Chairman. — Did  Mr.  Brown  take  out  the  set  ? 

Mr.  Brown. — I  did  not  take  out  the  permanent  set.  I  con- 
sidered only  the  total  deflection. 

Mr.  Kinkead. — Replying  to  Mr.  Souther  1  would  say  that 
the  two  curves  A  and  A,  (Fig.  2)  show  very  accurately  the  difference 
between  the  spring  as  it  is  ordinarily  and  after  it  is  oiled.  We  find 
approximately  the  same  difference  when  we  test  a  spring  just  as 
it  comes  from  the  shop  and  after  oiling. 

I  want  to  refer  to  Mr.  Souther's  statement  in  regard  to  hard 
riding  springs.  We  had  a  man  connected  with  the  Company, 
who  said,  "If  the  thing  breaks,  it  breaks  because  it  is  not  strong 
enough.  Make  them  strong."  I  have  worked  on  the  question 
of  breaking  springs  about  two  years  now  and  I  thought  I  would 
shut  up  on  it  until  we  got  a  little  more  evidence.  I  see  it  is  brought 
out  again.  We  have  four  instances  which  point  quite  conclusively 
to  the  reason  for  the  breaking  of  semi-elliptic  springs,  and  double- 
elliptic  springs,  as  far  as  that  is  concerned.  In  one  case  I  remem- 
ber that  we  had  a  spring  which  had  a  total  load  of  19,000  pounds. 
The  deflection  of  that  spring  was  .95  inch.  The  sjjring  failed 
in  service  continually  and  was  one  of  the  l^ugbears  that  Mr. 
Bright  referred  to.  The  load  on  the  sj)ring  was  21,000  pounds, 
calculated.  The  load  per  inch  deflection  was  19,000  pf)unds. 
The  sjjring  was  submitted  by  a  spring  company,  and  they  made  a 
duplicate  spring  which  had  3,000  ])ounds  less  strength  and  vastly 
more  flexibility.  Instead  of  having  19,000  pounds  per  inch  deflec- 
tion it  had  16,000  pounds;  instead  of  having  21,000  pounds 
specified  load  it  had  18,000  pounds.  It  was  weaker  than  the 
other  spring,  but  it  carried  the  engine  without  difficulty.     In  other 
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words,  if  they  had  made  it  any  stronger  they  would  ha\e  increased  Mr.Kinkead. 
the  trouble,  and  when  they  did  make  it  weaker  they  decreased 
the  trouble.  This  spring  was  made  of  5  x  i\  in.  plates,  ten  in  num- 
ber. The  spring  which  was  used  to  replace  it  had  sixteen  plates 
4  X  f  in.  The  same  thing  came  about  in  another  road.  They  had 
a  spring  identical  with  this  one,  which  had  only  nine  plates,  with 
a  load  of  18,000  pounds.  They  had  some  trouble  in  connection 
with  this  spring  and  returned  it  to  the  spring  company,  and  in 
replacing  the  spring  they  used  seventeen  plates  5  x  fV  in.  This 
gave  a  lower  load  per  inch  deflection — 12,500  pounds  approximately. 
The  second  spring  was  entirely  satisfactory,  although  several 
thousand  pounds  weaker  than  the  other  one.  We  have  had 
several  instances  of  the  same  thing.  That  leads  us  to  the  thought 
that  the  rate  per  inch  deflection  or  flexibility  of  springs  is  the 
measurement  of  the  breakage  of  the  spring.  In  other  words, 
when  we  get  a  high  load  per  inch  deflection  we  approximate  the 
rigid  beam,  and  tiie  rigid  beam  under  repeated  loads  will  break 
earlier  than  a  flexible  beam. 

In  regard  to  automobile  springs,  if  Mr.  Souther  increases 
the  number  of  plates  but  decreases  the  thicluiess,  he  wall  get  good 
results.  If  he  keeps  the  same  thickness  I  think  he  will  get  in 
trouble. 

Mr.  S.  M.  Rodgers. — I  should  like  to  ask  Mr.  Kinkead  why  Mr.  Rodgers. 
he  omitted  the  elements  of  silicon  in  the  specifications.  In  making 
certain  grades  of  spring  steel  we  have  always  regarded  a  certain 
percentage  of  silicon,  especially  with  an  increase  in  manganese, 
quite  essential  to  making  a  good  lively  spring.  Such  steels, 
however,  call  for  special  heat  treatment  to  obtain  the  best  results. 
Some  steel  manufacturers  object  to  adding  silicon  to  their  steel, 
claiming  that  it  causes  piping.  Our  experience  does  not  confirm 
this  claim. 

Mr.    Kinkead. — As   regards    the   silicon   content   of   steel,  Mr.  Kini  e^: 
nearly  all  the  current  specifications  give  the  maximum,  but  no 
minimum;  and  we  thought  there  was  no  danger  of  their  putting 
in  silicon  unless  it  was  specified. 

The  President. — What  is  the  pleasure  of  the  Committee  The  Presidem 
on  Springs  as  to  the  specification?     Arc  you    prepared  to  have 
it  submitted  to  letter-ballot? 

Mr.  Kinkead. — I  would  not  like  to  have  it  submitted  to  Mr.  Kinkead. 
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Mr.  Eankead.  letter-ballot  as  yet,  but  would  like  to  have  it  tried  by  the  members 
during  the  year  and  then  reported  at  the  next  meeting.  There 
are  some  questions — the  question  of  applied  and  released  loads. 
i  have  been  working  on  the  released  load  for  a  year  and  a  half 
and  have  had  no  trouble  from  the  spring  companies.  They  are 
all  willing  to  use  it  and  liavc  no  trouble  in  making  measurements. 
I  believe  it  gives  fairly  good  results.  Nobody  has  tried  the  applied 
load,  and  it  was  recommended  that  it  might  be  ad\isable  to  use 
the  applied  load,  and  therefore  that  was  inserted. 

Mr.  Bright.  Mr.  Rright  (by  letter). — Referring  to  Mr.  Kinkead's  state- 

ment that  the  applied  load  test  had  not  been  tried  as  yet,  I  feel 
that  I  should  state  that  this  method  of  testing  has  been  in  use  for 
many  years.  It  is  used  to-day  by  practically  exery  manufacturer 
of  springs  in  America,  and  by  all  railroads  in  testing  their  own 
springs,  with  the  exception  of  three  or  four  systems  who  use  the 
release-load  test.  The  applied-load  test  is  not  an  experiment  or 
a  new  departure  but  rather  the  standard  method  of  approved 
spring  testing. 


REPORT  OF  C0M:MITTEE  U  ON 
THE  CORROSION  OF  IRON  AND  STEEL. 

Committee  U,  in  studying  the  corrosion  of  iron  and  steel, 
finds  that  a  test  which  is  sometimes  employed  to  determine  the 
tendency  of  a  given  sample  to  corrode,  is  to  place  the  same  in  a 
strong  mineral  acid  and  measure  the  rapidity  with  which  it  dis- 
solves. Much  of  the  work  already  accomplished  indicates  that 
there  is  a  direct  connection  betAveen  the  rapidity  of  solution  in 
acid  and  natural  corrosion.  Other  experiments  show  the  test  to 
be  very  inconsistent.  In  order  to  decide  the  validity  and  trust- 
worthiness of  this  acid  test  it  is  neccssar\'  that  the  results  of  all 
investigators  who  may  employ  it  should  be  comparable,  and  to 
this  end  the  Committee  makes  the  following  tentative  suggestions 
as  to  the  conditions  under  which  the  test  should  be  carried  out: 

Acid  Test  for  Iron  and  Steel. 

Samples  to  be  tested  are  first  stamped  with  suitable  marks 
for  identification,  and  are  then  accurately  machined  to  a  standard 
size  (2  inches  in  length,  J  inch  in  width  and  1-16  inch  in  thickness). 

The  samples  should  be  cut  longitudinally  in  the  direction  in 
which  the  metal  was  rolled.  A  hole  |  inch  in  diameter  is  drilled 
in  each  sample  about  \  inch  from  one  of  the  ends. 

Samples  are  polished  first  with  No.  00  emery  paper  and 
finally  with  flour  emer\\  The  polishing  should  be  done  as  much 
as  possible  so  that  the  polish  marks  run  at  right  angles  to  the 
direction  in  which  the  metal  was  rolled.  After  polishing,  the  test 
pieces  should  not  be  handled  with  the  fingers  or  alloAved  to  come 
in  contact  with  dirt  or  grease  of  any  kind. 

The  test  pieces  should  then  be  weighed  carefully  to  four  deci- 
mal places  on  a  chemical  balance,  and  are  then  strung  on  a  glass 
rod  with  a  double  reverse  right  angle  bend  at  each  end,  which  will 
allow  the  pieces  to  be  suspended  in  a  relatively  large  beaker  or 
other  suitable  dish,  so  that  their  upper  edges  will  be  submerged 
to  \  inch  below  the  surface  of  the  liquid.  The  glass  rod  should  be 
only  slightly  less  than  |  inch  in  diameter,  and  the  distance  between 
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any  two  adjacent  test  pieces  when  suspended  in  the  acid  should 
not  be  less  than  \  inch. 

The  acid  should  be  exactly  20  per  cent.  H.SO^  (i-i44  specific 
gravity  at  15°  C). 

The  test  pieces  arc  immersed  in  this  acid  for  one  hour,  an 
approximately  sustained  temperature  of  15°  C.  being  maintained 
by  any  suitable  cooling  device,  such  as  a  large  outside  container 
of  cold  water. 

At  the  end  of  exactly  one  hour's  immersion  the  test  pieces  are 
quickly  removed  from  the  acid,  well  rinsed  with  running  water, 
wiped  as  dr}-  as  possible  and  kept  for  one  hour  in  a  desiccator  over 
sulphuric  acid  before  weighing. 

The  results  should  be  recorded  as  percentage  loss,  calculated 
on  the  original  weight  of  the  sample. 

Note  I. — It  has  been  showm  that  the  corrosion  of  the  sample 
is  not  directly  proportional  to  the  area  exposed.  Hence  it  is  essen- 
tial in  making  comparative  tests  that  a  standard  size  be  adopted. 

Note  2. — Should  the  samples  for  investigation  be  less  than 
1-16  inch  in  thickness,  the  other  dimensions  should  be  adhered  to 
as  closely  as  possible. 

Note  3. — The  physical  condition  of  the  surface  of  the  sample 
is  found  to  materially  affect  the  rapidity  of  its  solution.  It  is 
therefore  desirable  to  finish  all  samples  in  the  same  way. 

Note  4. — The  strength  of  sulphuric  acid  chosen  is  that  con- 
centration which  contains  approximately  the  maximum  number  of 
hydrogen  ions  and  which  experiments  have  shown  to  be  the  most 
suitable. 

Note  5. — It  is  necessar}'  that  the  samples  be  suspended  in  a 
reasonably  large  body  of  acid  in  order  that  the  ferrous  sulphate 
formed  by  the  reaction  may  sink  to  the  bottom  or  be  otherwise 
dissipated  through  the  solution,  so  that  the  concentration  of  the  acid 
in  the  immediate  vicinity  of  the  samples  be  not  materially  changed. 

N^ote  6. — The  greatest  care  should  be  taken  to  employ  only 
chemically  pure  sulphuric  acid.  It  has  been  shown  that  very 
minute  traces  of  arsenic,  for  example,  seriously  retard  the  rapidity 
with  which  iron  is  dissolved. 

Submitted  on  behalf  of  the  Committee, 

Allerton  S.  Cushman, 
Wm.  H.  Walker,  Secretary,  Chairman. 


THE   CORROSION   OF   IRON. 
By  Allertox  S.  Custtman. 

Before  we  can  expect  to  make  progress  in  solving  the  difficul- 
ties attendant  upon  the  rapid  corrosion  of  iron  and  steel,  it  is 
essential  that  the  fundamental  causes  and  the  resulting  reactions 
which  attend  the  formation  of  rust  should  be  thoroughly  under- 
stood. The  first  important  fact  which  impresses  the  investigator 
of  this  subject  is  the  great  variation  exhibited  by  different  speci- 
mens of  iron  and  steel  to  corrosive  influences.  This  is  true,  not 
alone  in  regard  to  samples  of  different  kinds  of  metal,  such  as 
wrought  iron,  charcoal  iron,  Bessemer  and  open-hearth  steels, 
but  also  of  diff'erent  specimens  of  one  kind  of  metal  made  by  the 
same  process  in  diff'erent  mills,  or  even  at  diff'erent  times  in  the 
same  mill.  The  reasons  for  these  variations  in  the  quality  of  iron 
and  steel,  as  far  as  resistance  to  corrosion  is  concerned,  have  not 
been  thoroughly  understood,  and  therefore  manufacturers  have  not 
known  in  most  cases  how  to  proceed  in  order  to  accomplish  any 
improvements  in  this  special  field. 

Three  separate  theories  which,  though  they  all  more  or  less 
overlap,  nevertheless  involve  distinctly  different  reactions,  have 
been  advanced  and  strenuously  defended,  in  the  effort  to  furnish 
an  explanation  for  the  rusting  of  iron.  These  may  be  stated  as 
the  carbonic  acid,  the  hydrogen  peroxide,  and  the  electrolytic 
theories. 

The  carbonic  theor}'  is  the  one  most  generally  held  and 
usually  presumes  that  without  the  interaction  of  carbonic  or  some 
other  acid,  the  oxidation,  or  better,  the  hydroxylation  of  iron  can 
not  take  place.  According  to  this  theory  the  process  of  rusting  is 
a  cyclical  one.  Iron  is  attacked  by  carbonic  acid,  which  forms 
ferrous  carbonate.  The  ferrous  carbonate  is  then  acted  on 'by 
water  and  oxgAxn  with  the  formation  of  iron  hydroxide  and  the 
liberation  of  the  original  carbonic  acid.  The  reactions  which 
express  this  may  be  written : 

2Fe  -f  2H2CO3  =  2FeC03  +  2H, 
2FeC03+ 5H,0  +  0  =  2Fe(OH)3-f  2H2CO,. 
(211) 
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Allln)ugh  the  abc)\c'  ex})lanati()n  is  sufliciently  plausible  and 
in  spite  of  the  fact  that  carbonic  acid  as  well  as  other  acids  do  act 
a  part  in  the  ordinary  rusting  of  iron,  it  will  presently  be  shown 
that  iron  readily  oxidizes  not  only  when  carbonic  acid  is  entirely 
absent,  but  also  in  dilute  alkaline  solutions.  It  is  only  when  the 
hydroxyl  ions  supplied  ])y  an  alkaline  solution  have  reached  a  cer- 
tain concentration  that  rusting  is  entirely  prohibited. 

The  carbonic  acid  theory  was  founded  originally  on  the 
investigations  of  Grace  Calvert,*  as  interpreted  by  Crum  Brown.f 
It  has  also  more  recently  been  vigorously  defended  by  Moody, J 
who  insists  that  with  water  and  oxygen  quite  free  from  carbonic 
acid,  iron  can  not  rust.  This  view  is  however  not  shared  by 
Dunstan,  Jowatt,  and  Goulding,§  or  by  Whitney ||  or  Cribb,^ 
all  of  whom  give  experimental  evidence  to  show  that  rusting  takes 
place  rapidly  in  the  absence  of  carbonic  acid,  provided  liquid 
water  and  oxygen  are  present.  The  experiment  of  Dunstan  and 
his  co-workers  was  so  carefully  carried  out  that  there  seems 
to  be  no  doubt  that  if  carbonic  acid  plays  any  role  whatever,  it  is 
an  unimportant  one  and  that  rusting  can  go  on  with  extreme  rapid- 
ity in  its  absence. 

As  a  matter  of  fact  if  the  believers  in  this  theory  are  correct, 
the  rusting  of  iron  would  be  an  unknown  phenomenon  in  any 
atmosphere  which  did  not,  like  that  of  this  earth,  contain  about 
four  one-hundredths  of  one  per  cent,  of  carbonic  acid.  The  writer 
has  performed  critical  experiments  which  have  recently  been  pub- 
lished in  detail,  which  confirm  the  opinion  that  the  presence  of 
carbonic  acid  is  not  necessary  in  order  to  produce  rapid  oxidation 
of  iron,  or  ordinary  rust.** 

It  has  long  been  known  that  rusting  is  inhibited  and  that 
polished  iron  will  remain  bright  indefinitely  in  all  sorts  of  alkaline 
solutions,  provided  they  are  sufficiently  concentrated.  This  is  also 
true  of  all  solutions  of  salts  of  strong  bases  and  weak  acids  which 


*  Manchester  Lit.  Phil.  Mem.,  1871,  5,  104. 

f  Jour.  Iron  and  Steel  Inst.,  1888,  1 29-131. 

%Proc.  Chem.  Soc.  (London),  1906,  22,  lor. 

%  Jour.  Chem.  Soc.  (London),  1905,  87,  pt.  2,  1548. 

WJour.  Am.  Chem.  Soc,  1903,  25,  394. 

^  The  Analyst,  1905,  30,  232. 

**U.  S.  Dept.  Agr.  Office  Public  Roads,  Bull.  30. 
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hydrolyze  to  an  alkaline  reaction.  This  fact  has  been  eagerly 
seized  upon  by  the  adherents  of  the  various  theories  which  have 
been  advanced,  as  it  can  be  made  to  fit  in  more  or  less  well  with  them 
all.  Thus,  alkalis  absorb  carbonic  dioxide,  and  therefore  carbonic 
acid  is  prevented  from  carrying  on  its  work  of  destruction.  The 
added  fact  that  fully  saturated  bicarbonate  of  soda  also  provides 
full  protection  to  iron,  even  in  fairly  dilute  solution,  which  would 
seem  to  be  a  stumbling  block,  has  not  shaken  the  faith  of  the  devout 
believers  in  the  carbonic  acid  theory. 

The  writer's  experiments  have  shown  that  it  is  only  when  the 
hydroxyl  ions  have  reached  a  certain  concentration  that  the 
attack  upon  iron  is  inhibited.  The  critical  discussion  of  this  point 
will  be  found  elsewhere,  but  the  conclusion  seems  certain  that  the 
presence  of  carbonic  acid  is  not  a  condition  which  inevitably 
produces  the  rusting  of  iron. 

Another  theory  which  has  been  advanced  by  Dunstan, 
Jowatt  and  Goulding,  and  which  has  gained  some  adherents,  is 
that  iron  can  not  rust  unless  hydrogen  peroxide  is  formed  as  a 
transition  step  in  the  reaction.  As  hydrogen  peroxide  is  more 
or  less  unstable  in  alkaline  solutions,  it  is  claimed  that  iron 
should  not  rust  when  immersed  in  them.  The  added  fact  that 
the  rusting  of  iron  is  actually  accelerated  by  solutions  of  potassium 
iodide,  iodine,  dilute  potassium  permanganate,  and  other  sub- 
stances which  also  destroy  hydrogen  peroxide,  must  apparently 
be  accepted  as  exceptions  which  prove  the  rule. 

Solutions  of  chromic  acid  and  its  soluble  salts,  such  as  the 
chromatc  and  bichromate  of  potash,  inhibit  the  rusting  of  iron 
immersed  in  them.  As  solutions  of  chromic  acid  and  its  salts 
oxidize  and  destroy  hydrogen  peroxide,  this  fact  was  used  by 
Dunstan  and  his  co-workers  to  strengthen  the  peroxide  theor}\ 
According  to  this  theory  the  chemical  reactions  involved  in  the 
rusting  of  iron  should  be  written : 

Fe  +  O2  +  H,0  =  FeO  -f  H^O^ 
2FeO  +  H,0',=  Fe,0,(OH)V 

The  theory  appears  to  derive  some  confirmation  from  the 
fact  that  delicate  tests  for  hydrogen  peroxide  have  been  obtained 
during  the  slow  oxidation  of  zinc  and  some  other  metals.  On  the 
other  hand,  in  the  case  of  iron,  these  same  delicate  tests  obstinately 
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refused  to  reveal  even  its  transitory  presence  during  the  ordinary 
process  of  rusting.  The  theory  has  been  criticized  by  Divers,* 
Moody,t  and  Cribb,t  the  first  named  having  pointed  out  that  it  is 
not  tenable  to  argue  that  because  such  substances  as  chronic  acid 
and  alkalis  gradually  destroy  hydrogen  peroxide,  they  must  prevent 
its  formation.  For  instance,  ferrous  sulphate  is  oxidized  by  free 
chlorine,  but  it  does  not  prevent  manganese  dioxide  and  hydro- 
chloric acid  from  reacting  when  brought  together  in  its  presence. 
Moreover,  if  the  formation  of  hydrogen  peroxide  was  a  necessary 
stage  in  the  rusting  of  iron  and  this  is  inhibited  by  certain  sub- 
stances which  destroy  hydrogen  peroxide,  why  is  not  the  inhibition 
extended  to  strong  reducing  agents  generally?  The  theory  is  an 
interesting  and  suggestive  one,  but  in  the  author's  opinion  is  not 
supported  by  the  facts. 

Although  the  peculiar  inhibitive  action  of  solutions  of  the 
chromates  has  been  noted  by  Dunstan,  it  does  not  appear  to  have 
been  heretofore  systematically  studied.  The  writer  has  attempted 
to  determine  the  concentration  necessary  to  produce  complete  pro- 
tection. A  number  of  polished  strips  of  two  different  samples 
of  steel  were  immersed  in  bichromate  solutions  of  increasing  con- 
centration, contained  in  tubes  which  were  left  quite  open  to  the  air. 
There  were  twelve  tubes  in  each  series,  ranging  by  regular  dilutions 
from  tenth-normal  down  to  ten-thousandth  normal.  At  the  end 
of  two  months  the  last  four  tubes  showed  graded  rusting  with 
accumulation  of  ferric  hydroxide.  No  rusting  had  occurred  in  any 
of  the  solutions  above  tube  No.  8,  which  contained  six-hundred  and 
fortieth  normal  bichromate,  a  strength  corresponding  to  about  8 
parts  of  the  salt  in  100,000  parts  of  water,  or  about  2  pounds  to 
3,000  gallons.  Since  solutions  of  bichromate  do  not  hydrolyze 
with  an  alkaline  reaction,  but  on  the  contrary  are  usually  slightly 
acid,  some  other  explanation  must  be  found  for  this  remarkable 
phenomenon.  On  first  thought  it  would  seem  a  paradox  that  a 
strong  oxidizing  agent  should  have  the  effect  of  preventing  the 
oxidation  of  iron,  and  yet  this  is  precisely  the  case.  If,  however, 
the  initial  cause  of  rusting  is  the  hydrogen  ion,  it  is  possible  to 

*  Proc.  Chem.    Soc.  (London),  1905,  21,  251. 
t  J  our   Cham.  Soc.  (London),  1906,  89-90,  720. 
%  Analyst,     1905,    30,    225. 
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believe  that  under  certain  conditions  oxygen  would  prove  the  most 
effective  of  all  inhibitors.  As  has  been  stated,  Dunstan,  Jowatt 
and  Goulding  have  claimed  that  this  peculiar  action  of  chromic 
acid  and  its  salts  is  due  to  the  fact  that  they  destroy  hydrogen 
peroxide.  This  explanation  is  not  satisfactory,  as  has  been 
pointed  out,  and  it  is  fair  to  inquire  whether  the  electrolytic  theory 
is  capable  of  furnishing  a  solution  of  the  problem.  Furthermore, 
it  will  be  shown  that  additional  evidence  can  be  brought  forward 
which  can  not  be  made  to  apply  to  any  other  theory. 

The  writer  has  observed  that  if  a  rod  or  strip  of  bright  iron  or 
steel  is  immersed  for  a  few  hours  in  a  strong  (5  to  10  per  cent.)  solu- 
tion of  potassium  bichromate,  and  is  then  removed  and  thoroughly 
washed,  that  a  certain  change  has  been  produced  on  the  surface  of 
the  metal.  The  surface  may  be  thoroughly  washed  and  wiped 
with  a  clean  cloth  without  disturbing  this  new  surface  condition. 
No  visible  change  has  been  effected,  for  the  polished  surfaces 
examined  under  the  microscope  appear  to  be  untouched.  If, 
however,  the  polished  strips  are  immersed  in  water  it  will  be  found 
that  rusting  is  inhibited.  An  ordinary  untreated  polished  speci- 
men of  steel  will  show  rusting  in  a  few  minutes,  when  immersed 
in  the  ordinary  distilled  water  of  the  laboratory.  Chromated 
specimens  will  stand  immersion  for  varying  lengths  of  time  before 
rust  appears.  In  some  cases  it  is  a  matter  of  hours,  in  others  of 
days  or  even  weeks  before  the  inhibiting  effect  is  overcome. 

The  passivity  which  iron  has  acquired  can  be  much  more 
strikingly  shown,  however,  than  by  the  rusting  effect  produced 
by  air  and  water.  If  a  piece  of  polished  steel  is  dipped  into  a 
I  per  cent,  solution  of  copper  sulphate,  a  ten-second  immersion  is 
sufficient  to  plate  it  with  a  distinctly  visible  coating  of  copper  which 
can  not  be  wiped  off.  A  similar  polished  strip  of  steel  which  has 
been  soaked  over  night  in  a  concentrated  solution  of  bichromate 
and  subsequently  well  washed  and  wiped,  will  stand  from  six  t( 
ten  ten-second  immersions  in  i  per  cent,  copper  sulphate  before  a 
permanent  coating  of  copper  is  deposited. 

The  first  explanation  of  this  phenomenon  which  naturally 
presents  itself  is  that  a  thin  film  of  either  oxide  or  chromate  has 
been  formed  on  the  surface  of  the  metal.  It  is  almost  inconceiva- 
ble, however,  if  such  a  film  is  formed,  that  it  cannot  be  seen  with 
the  aid  of  a  microscope.     There  is  evidence  which  appears  to 


2l6  CUSHMAN  ON  THE  CORROSION  OF  IrON. 

indicate  that  no  such  film  of  oxide  is  formed.  It  is  easy  to  cover 
polished  iron  with  a  visible  film  of  oxide  by  simply  flaming  it 
gently  in  a  Bunsen  burner.  Such  films  do  not  succeed  in  protect- 
ing the  iron  either  from  the  rusting  or  the  copper  sulphate  test. 
Still  more  convincing  than  this  is  the  fact  that  if  a  polished  surface 
which  has  been  rendered  passive  by  immersion  in  bichromate  is 
heated  to  ioo°  C.  for  some  hours,  its  passivity  disappears,  and  it 
again  behaves  in  a  normal  manner.  None  of  the  oxides  or  chrom- 
ates  of  iron  are  in  any  sense  volatile  compounds,  so  that  if  a  solid 
but  invisible  film  is  really  formed,  it  is  in  some  manner  dissipated 
by  heat.  Further  than  this,  a  chromated  strip  of  iron  which  is 
kept  in  a  vacuum  soon  loses  its  passivity,  whereas  a  similar 
strip  kept  under  ordinary  conditions  remains  passive  for  long 
periods. 

The  passivity  of  iron  w^as  discovered'  by  Keir  in  1790.* 
Since  the  phenomenon  is  produced  only  by  strong  oxidizing  agents 
or  by  galvanic  contact  when  oxygen  can  separate  on  the  iron,  it  was 
explained  by  Faraday,  Wiederman  and  othersf  as  due  to  a  thin 
oxide  film.  From  the  evidence  given  above,  how^ever,  it  seemed 
that  the  passivity  of  iron  was  better  explained  as  a  polarization 
effect  produced  by  the  separation  and  retention  of  oxygen  on  the 
surface  of  the  metal.  If  the  rusting  of  iron  is  due  primarily  to  the 
action  of  hydrogen  ions,  iron  in  the  condition  of  an  oxygen 
electrode  should  be  more  or  less  w^ell  protected  from  electrolytic 
attack. 

KeirJ  observed  that  polished  iron  which  had  been  immersed 
in  red  fuming  nitric  acid  was  altered  in  some  manner  so  that  its 
power  of  precipitating  silver  and  copper  from  their  solutions  was 
inhibited,  and  this  occurred,  in  the  discoverer's  o\vn  words,  "with- 
out the  least  diminution  of  metalHc  splendour  or  change  of  colour." 
In  the  writer's  experience  red  fuming  nitric  acid  does  not  produce 
the  passive  condition  as  successfully  as  solutions  of  chromic  acid 
and  its  salts.  Mugdan  discussed  the  passivity  acquired  by  iron 
which  was  immersed  in  fuming  nitric  or  sulphuric  acids  and 
concluded  that  it  was  not  due  to  the  formation  of  an  oxide  film, 


*  Phil.  Trans.   (London),   1790,  359. 

f  Dammer's  Anorg.  Chem.,  1893,  3,  p.  294. 
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but  was  a  true  passivity  in  the  sense  of  an  ennobling  (Veredlung) 
of  the  metal,*  accompanied  by  a  low  electrical  potential. 

Moodyt  asserts  that  potassium  bichromate  prevents  the 
formation  of  rust,  owing  to  the  fact  that  it  slowly  dissolves  iron 
and  its  hydroxides.  He  observed  that  the  addition  of  ammonia  to 
solutions  of  chromic  acid  and  its  salts  which  had  been  allowed  to 
act  on  iron,  produced  precipitates  of  hydroxide.  This  point  has 
been  carefully  investigated  by  the  writer,  with  the  following  results : 
Iron  which  is  free  from  manganese  is  not  attacked  by  solutions  of 
bichromate,  even  if  boiled  for  days  in  a  flask  fitted  with  a  return 
condenser.  Manganese  is,  however,  readily  soluble  in  bichromate 
solutions  and  therefore  iron  rich  in  manganese  yields  a  sufficient 
amount  to  the  solvent  to  produce  a  small  amount  of  brownish 
manganese  hydroxide  when  the  bichromate  solution  is  poured  off, 
made  slightly  ammoniacal,  and  allowed  to  stand.  If  metallic 
manganese  is  boiled  in  bichromate  solutions  it  dissolves  readily 
and  subsequent  addition  of  ammonia  produces  an  abundant 
precipitate  of  brov\Ti  manganese  hydroxide. 

If  polished  iron  is  allowed  to  stand  for  some  time  in  standard 
tenth-normal  potassium  bichromate  solution,  the  oxidizing  strength 
of  the  latter  as  measured  by  its  titration  value  is  slightly  reduced 
without  the  solution  of  the  iron  or  the  production  of  any  visible 
effect.  Under  the  same  conditions  a  standard  solution  of  neutral 
potassium  chromate  is  slightly  reduced  with  the  appearance  of  a 
small  amount  of  chromic  hydroxide.  In  fact  all  the  evidence 
obtainable  points  to  the  abstraction  by  the  iron  of  some  of  the 
available  oxygen  of  chromic  acid  and  its  salts  without  the  formation 
or  solution  of  iron  oxide  films. 

In  order  to  show  beyond  doubt  that  an  oxygen  electrode  is 
formed  by  immersing  iron  in  a  strong  solution  of  bichromate,  the 
following  experiment  was  made.  Two  polished  steel  electrodes 
were  prepared  and  chromated  by  immersion  for  a  number  of  hours 
in  a  strong  solution  of  potassium  bichromate.  The  prepared 
electrodes  were  then  thrust  tightly  through  a  rubber  stopper  which 
closed  a  Jena  flask,  which  was  then  filled  with  pure  freshly  boiled 
distilled  water.     The  electrodes  were  then  attached  to  the  poles  of  a 

*Zischr.  Elektrocheynie,  1903,  9,  454. 
'\Loc.  cit.,  p.  214. 
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priman'  battery  at  about  2  volts  potential.  At  the  end  of  half  an 
hour,  although  no  visible  change  had  occurred,  the  electrode  which 
was  connected  to  the  zinc  j)ole  of  the  battery  had  lost  its  ])assivity, 
the  other  retaining  it.  It  might  still  be  objected  that  if  a  film  of 
oxide  had  been  formed,  it  might  suffer  reduction  at  the  negative 
pole;  it  is,  however,  very  easily  shown  that  electrodes  w^hich  have 
been  oxidized  by  gentle  heating  are  not  reduced  under  the  condi- 
tions of  this  experiment. 

Wood*  in  1895  commented  on  the  power  of  paints  and  pig- 
ments containing  certain  oxidizing  agents,  notably  potassium 
bichromate  and  lead  chromate,  to  form  on  iron  and  steel  surfaces  a 
thin  coating  of  oxide  which  so  effectually  protects  the  metallic 
surfaces  from  corrosion  that  after  the  removal  of  the  paint  the 
metal  still  resists  atmospheric  effects  for  a  long  time,  as  well  as  the 
stronger  effect  of  immersion  in  sea  water  or  acidulated  waters, 
sulphurous  and  other  vapors.  This  action,  Wood  adds,  is  very 
obscure  and  not  thoroughly  understood;  but  the  fact  remains,  and 
extended  experiments  in  this  field  only  demonstrate  its  presence 
and  usefulness.  The  author  has  not  been  able  to  find,  however, 
that  the  soluble  chromates  have  ever  been  put  in  use  as  rust 
inhibitors. 

The  oxide  film  theory  has  been  held  for  many  years  to  account 
for  the  passivity  of  iron,  but  in  the  writer's  opinion  the  protection 
afforded  by  certain  oxidizing  agents  is  electro-chemical  and  not 
mechanical. 

From  the  standpoint  of  the  modern  theory  of  solutions,  all 
reactions  which  take  place  in  the  wet  way  are  attended  with  certain 
readjustments  of  the  electrical  states  of  the  reacting  ions.  The 
electrolytic  theory  of  rusting  assumes  that  before  iron  can  oxidize 
in  the  wet  way,  it  must  first  pass  into  solution  as  a  ferrous  iron. 
The  subject  has  been  interestingly  treated  by  Whitney,t  who  dis- 
cussed it  from  the  standpoint  of  Nernst's  conception  of  the  source 
of  electromotive  force  between  a  metal  and  a  solution.  When  a 
strip  of  metallic  iron  is  placed  in  a  solution  of  copper  sulphate, 
iron  passes  into  solution  and  copper  is  deposited,  this  change 
being  of  course  accompanied  by  a  transfer  of  electrical  charge 


*  Anter.  Soc.  Mech.  Eng.  Trans.,  1895,  16,  671. 
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from  the  ions  of  copper  to  those  of  iron.  Hydrogen  acts  as  a 
metal  and  is  electrolytically  classed  with  copper  in  relation  to  iron. 
If,  therefore,  we  immerse  a  strip  of  iron  in  a  solution  containing 
hydrogen  ions,  an  exactly  similar  reaction  will  take  place,  iron 
will  go  into  solution  and  hydrogen  will  pass  from  the  electrically 
charged  or  ionic  to  the  atomic  or  gaseous  condition.  In  such  a 
system  the  solution  of  the  iron  and  therefore  its  subsequent  oxida- 
tion must  be  accompanied  by  a  "precipitation"  or  setting  free 
of  hydrogen.  It  is  very  well  known  that  solutions  of  ferrous  salts 
as  well  as  freshly  precipitated  ferrous  hydroxide  are  rapidly 
oxidized  by  the  free  oxygen  of  the  air  to  the  ferric  condition,  so  that 
if  the  electrolytic  theory  can  account  for  the  original  solution  of  the 
iron,  the  explanation  of  rusting  becomes  an  exceedingly  simple  one. 

As  iron  has  been  shown  by  Whitney,  Dunstan,  and  the  writer 
to  rust  in  the  presence  of  pure  water  and  oxygen  alone,  the  elec- 
trolytic theory  as  a  fundamental  cause  of  the  wet  oxidation  of  iron 
must  stand  or  fall  on  the  determination  of  one  crucial  question, 
viz.,  Does  iron  pass  into  solution,  even  to  the  slightest  extent,  in 
pure  water  ?  If  iron  does  dissolve,  the  electrolytic  theory  is  so  far 
satisfactory;  if  it  docs  not  dissolve,  we  must  conclude  that  the 
oxygen  finds  some  way  of  directly  attacking  the  metal. 

Almost  every  one  will  admit  that  in  the  case  of  impure  iron, 
with  its  unhomogeneous  physical  and  chemical  constitution,  elec- 
trolysis will  supervene,  but  it  must  be  remembered  that  we  are  now 
concerned  with  the  underlying  cause  of  the  wet  oxidation  of  iron 
regardless  of  its  state  of  chemical  purity. 

According  to  the  dissociation  theory,  even  the  purest  water 
contains  free  hydrogen  ions  to  the  extent  of  about  i  gram  in 
10,000,000  liters.  If  iron  dissolves  in  the  purest  water  it  should 
be  by  interchange  with  hydrogen,  and  as  Whitney*  has  pointed 
out,  pure  water  is  to  this  extent  an  acid. 

The  experiments  of  the  writer  confirm  those  of  Whitney  in 
showing  that  in  pure  water  iron  is  slightly  dissolved  as  ferrous 
hydroxide,  while  in  the  system  iron,  pure  water  and  oxgyen  the 
rusting  of  iron  goes  on  rapidly. 

The  electro-chemical  or  electrolytic  thcor}^  of  the  rusting  or 
corrosion  of  iron,  whether  it  appears  in  the  form  of  pitting  or  as  an 

*  Loc.  cit.,  p.  212. 
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even  coating,  is  as  follows:  If  iron  or  steel  is  brought  into  contact 
with  water,  either  pure  or  natural,  iron  goes  into  solution  by  re- 
placing the  hydrogen  ions  that  are  present,  and  if  oxygen  is  present 
the  ferrous  ions  are  oxidized  with  the  formation  of  ferric  hydroxide 
in  the  form  of  rust.  Any  substance  which  increases  the  concentra- 
tion of  the  hydrogen  ions  in  the  water,  such  as  carbonic,  sulphuric, 
or  other  acids,  will  stimulate  corrosion.  On  the  other  hand,  any 
substance  which  decreases  the  concentration  of  the  hydrogen  ions, 
or  in  any  manner  prevents  the  interchange  of  the  electrostatic 
charge  between  the  metal  and  the  hydrogen  ion,  will  inhibit  cor- 
rosion. It  follows  from  this  that  the  rusting  of  iron  is  primarily 
a  hydroxylization  rather  than  an  oxidation,  and  the  oxygen  does 
not  directly  attack  the  surface  of  the  metal  in  the  wet  way  or  at 
ordinary  temperatures. 

Perhaps  the  most  conclusive  proof  that  the  electrolytic  action 
must  take  place  before  rusting  can  occur  is  given  by  an  experiment 
of  Moody's,  which  has  been  repeated  and  confirmed  by  the  writer. 
Dunstan  and  his  co-workers  claimed  that  when  iron  is  placed  in 
hydrogen  peroxide  the  metal  is  rapidly  oxidized  with  formation 
of  ferric  hydroxide.  As  Moody  has  pointed  out,  commercial 
hydrogen  peroxide  is  invariably  acid  and  contains  impurities.  In 
perfectly  pure  hydrogen  peroxide  bright  iron  will  catalytically 
disengage  oxygen  and  retain  its  polished  surface  unacted  upon. 
It  is  not  an  easy  matter  to  prepare  a  perfectly  neutral  pure 
solution  of  hydrogen  peroxide,  but  it  can  be  accomplished  by 
two  fractional  distillations  at  85°  C.  under  reduced  pressure 
(700  mm.)  of  commercial  dioxygen.  Before  distilling  the  second 
time  the  solution  should  be  made  barely  alkaline  wdth  a  few 
drops  of  one-hundredth  normal  potassium  hydroxide.  In  a 
pure  neutral  i  per  cent,  solution  of  hydrogen  peroxide  thus 
prepared  Moody's  observation  was  confirmed.  Iron  immersed 
in  the  solution  remained  bright  for  a  protracted  period. 
Hydrogen  ions  do  not  exist  in  a  pure  neutral  solution  of  peroxide, 
therefore  neither  solution  of  iron  nor  electrolysis  can  take  place. 
If  the  flask  containing  the  specimens  covered  by  pure  hydrogen 
peroxide  solution  is  connected  to  a  vacuum  pump,  oxygen  is 
disengaged  freely  and  boils  off  the  surface  of  the  metal  without  the 
appearance  of  the  slightest  speck  of  rust. 

As  has  already  been  stated,  in  order  that  rust  should  be 
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formed  iron  must  go  into  solution  and  hydrogen  must  be  given  off, 
in  the  presence  of  oxygen  or  certain  oxidizing  agents.  This 
presumes  electrolytic  action,  as  ever}^  iron  ion  that  appears  at  a 
certain  spot  demands  the  disappearance  of  a  hydrogen  ion  at 
another,  with  a  consequent  formation  of  gaseous  hydrogen.  The 
gaseous  hydrogen  is  rarely  visible  in  the  process  of  rusting,  owing 
to  the  rather  high  solubility  and  great  diffusive  power  of  this 
element.  Substances  which  increase  the  concentration  of  hydro- 
gen ions,  such  as  acids  and  acid  salts,  stimulate  corrosion,  while 
substances  which  increase  the  concentration  of  hydroxyl  ions 
inhibit  it.  Chromic  acid  and  its  salts  inhibit  corrosion  by  produc- 
ing a  polarizing  or  dampening  effect  w'hich  prevents  the  solution 
of  iron  and  the  separation  of  hydrogen. 

We  pass  now  to  an  inquiry  in  regard  to  whether  it  is  possible 
to  produce  a  visible  demonstration  of  electrolytic  action  taking 
place  as  rusting  proceeds.  Early  in  this  investigation  the  writer 
observed  that  whenever  a  specimen  of  iron  or  steel  is  immersed  in 
water  or  a  dilute  neutral  solution  of  an  electrolyte  to  w^hich  a  few 
drops  of  phenol  phthalein  indicator  has  been  added,  a  pink  color 
is  developed.  It  the  solution  is  allowed  to  stand  perfectly  quiet 
it  will  be  noticed  that  the  pink  color  is  confined  to  certain  spots  or 
nodes  on  the  surface.  The  pink  color  of  the  indicator  is  a  proof 
of  the  presence  of  hydroxyl  ions  and  thus  indicates  the  negative 
poles.  Alany  persons  who  are  interested  in  the  metallurgical 
problems  connected  with  the  iron  and  steel  industr}'  may  not  be 
familiar  with  the  modern  theor}-  of  indicators  and  therefore  an 
explanation  of  the  manner  in  which  phenol  phthalein  show^s  the 
presence  of  hydroxyl  ions  by  the  formation  of  a  pink  color  will  not 
be  out  of  place.  Phthalic  acid  was  first  prepared  by  Laurent  in 
1836  by  the  oxidation  of  naphthalene  and  was  first  called  naph- 
thalinic  acid.  It  was  afterwards  shown  that  the  compound  was 
not  directly  related  to  the  naphthalene  structure  and  Laurent 
changed  the  name  to  phthalic  acid,  the  derivatives  of  which 
became  known  later  as  phthaleins.  Phenol  phthalein  is  a  product 
which  is  formed  by  the  condensation  of  two  molecules  of  phenol 
or  carbolic  acid  with  the  anhydride  of  phthalic  acid.  It  is  in  its 
nature  so  weak  an  acid  that  it  is  not  dissociated  in  solution  and 
as  the  molecule  is  colorless,  no  color  is  seen  when  it  is  added  to  a 
perfectly  neutral  solution.     If,  however,  an  alkali  is  added  the 
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corresponding  salt  of  the  weak  acid  is  formed,  which  immediately 
dissociates  with  the  formation  of  a  metallic  cation  and  the  strongly- 
rose  colored  organic  anion.  Thus  all  hydroxides  of  basic  ele- 
ments will  show  the  pink  color  in  solution,  even  when  present 
in  only  the  slightest  excess.  On  this  account  phenol  phthalein 
is  an  exceedingly  delicate  indicator  of  the  presence  of  hydroxyl 
ions  in  a  solution.  Since  the  phenol  phthalein*  shows  only  the 
nodes  where  solution  of  iron  and  subsequent  oxidation  can  not 
take  place.  Prof.  W.  H.  Walker  suggested  the  addition  of  a  trace 
of  potassium  ferricyanide  to  the  reacting  solution,  in  order  to 
furnish  an  indicator  for  the  ferrous  ions  whose  appearance  mark 
the  positive  poles.  If  iron  goes  into  solution  ferrous  ions  must 
appear  which,  with  ferricyanide,  form  the  well  known  TurnbuUs 
blue  compound.  Going  a  step  further.  Walker  suggested  stilTen- 
ing  the  reagent  with  gelatin  and  agar- agar,  so  as  to  prevent  diffusion 
and  preserve  the  effects  produced.  For  this  combined  reagent  which 
indicates  at  one  and  the  same  time  the  appearance  of  hydroxyl 
and  ferrous  ions  at  opposite  poles,  the  writer  has  suggested  for 
the  sake  of  brevity  the  name  "  ferroxyl. "  The  reagent  is  prepared 
and  used  in  the  following  manner:  A  hot  solution  of  the  purest 
agar-agar  or  gelatin  in  distilled  water  is  carefully  neutralized  with 
one-hundredth  normal  potassium  hydroxide,  using  phenol  phtha- 
lein as  the  indicator.  When  exact  neutrahty  has  been  obtained 
a  few  drops  of  a  dilute  solution  of  potassium  ferricyanide  is  added. 
When  a  layer  of  the  reagent  is  poured  into  a  dry  Petri  dish  floating 
in  ice  water  it  should  stiffen  into  a  firm  jelly  in  a  few  minutes. 
The  polished  specimens  are  laid  carefully  on  the  jelly  and  flooded 
with  another  layer  of  the  reagent.  After  the  preparation  has 
hardened  it  should  be  covered  and  set  away  in  a  cool  dark  place. 
In  the  course  of  a  few  hours  the  negative  and  positive  zones  will 
begin  to  develop  in  red  and  blue.  If  the  reagent  has  been  properly 
prepared  the  color  effects  are  strong  and  beautiful.     In  the. course 


*  Phenol  phthalein  is  used  to  a  large  extent  in  empirical  tests,  as  in 
dairying,  the  cement  industry,  soil  examinations,  etc.,  etc.  The  name 
is  cumbrous  if  not  alarming  to  the  layman,  while  the  chemist  does  not 
need  to  be  reminded  of  the  origin  of  the  compound  each  time  he  has  occa- 
sion to  speak  of  it.  A  shortening  of  the  name  of  the  indicator  to  "pheno- 
lin"  would  be  a  decided  improvement. 
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of  a  few  days  the  maximum  degree  of  beauty  in  the  colors  is 
obtained,  after  which  gradual  deterioration  sets  in. 

The  blue  positive  nodes  show  sharp  outlines  in  a  photographic 
reproduction,  while  the  pink  negative  nodes  appear  with  hazy 
outlines.  In  the  pink  zones,  as  would  naturally  be  expected,  the 
iron  remains  quite  bright  as  long  as  the  pink  color  persists.  In 
the  blue  zones  the  iron  passes  into  solution  and  continually  oxidizes 
with  a  resulting  formation  of  rust.  Even  the  purest  iron  develops 
the  nodes  in  the  ferroxyl  indicator,  but  impure  and  badly  segregated 
metal  develops  the  colors  with  greater  rapidity  and  with  bolder 
outlines.  This  result  would  of  course  be  expected,  as  in  pure  iron 
the  formation  of  poles  would  be  conditioned  by  a  much  more  deli- 
cate equilibrium  than  in  impure  iron,  where  changes  in  concen- 
tration of  the  dissolved  impurities  would  stimulate  the  electrolytic 
effects.  Even  so-called  chemically  pure  iron  contains  small 
quantities  of  dissolved  gases,  and  it  is  not  improbable  that  even 
slight  variations  in  the  physical  homogeneity  of  pure  iron 
will  occasion  the  electrolytic  effects  which  are  made  visible  by  this 
delicate  reagent.  The  characteristic  appearances  which  are 
obtained  in  this  test  are  shoAvn  in  Figs,  i,  2,  3  and  4. 

It  has  been  noted  by  a  number  of  investigators  that  different 
samples  of  iron  and  steel  do  not  rust  in  the  same  way  when  sub- 
jected to  the  action  of  water  and  air.  While  some  samples  show 
localized  electrolytic  action,  as  indicated  by  deep  pitting,  others 
become  covered  with  a  more  or  less  homogeneous  coating  of 
hydroxide,  which  shows  little  or  no  tendency  to  localize  in  spots 
or  nodes.  The  question  naturally  arises,  in  what  respect  do 
these  two  methods  of  rust  formation  differ?  Fig.  5  exhibits  an 
effect  which  is  frequently  observed  in  the  ferroxyl  tests.  When  the 
colors  first  developed  two  dark  blue  nodes  formed  at  the  opposite 
ends  of  the  test  piece,  with  a  large  pink  area  in  the  center,  where 
for  a  time  the  metal  remained  quite  bright.  Very  shortly,  however, 
the  poles  changed,  the  pink  central  area  disappeared  and  gave  way 
to  a  large  blue  node  whicli  enveloped  three  quarters  of  the  test 
piece,  with  a  small  opposed  pinkish  spot.  Again  and  again  a 
reversal  and  change  of  poles  took  place,  and  at  least  five  such 
changes  are  clearly  shown  in  the  photograph.  As  a  result  of  this 
action  the  metal  strip  was  rapidly  covered  over  its  entire  surface 
with  the  same  superficial,  loosely  adherent  coating  of  hydroxide 
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which  is  obtained  in  many  cases  when  samples  of  iron  and  steel 
are  allowed  to  rust  under  a  layer  of  water.  It  is  presumable  that 
as  the  surface  of  the  metal  is  eaten  into  by  the  solution  of  the  iron 
at  the  positive  poles,  a  new  condition  of  ecjuilibrium  occurs,  result- 
ing in  changes  and  even  reversals  of  the  jjositive  and  negative 
nodes.  This  would  indicate  that  in  the  case  of  metals  wdiich  suffer 
from  local  action  or  pitting,  the  segregation  conditions  are  of  a 
different  nature  from  those  which  exist  in  the  case  of  metals  which 
rust  more  e\'enly.  A  rough  analogy  ma}-  be  drawn  by  imagining 
an  imperfect  mixture  of  black  and  white  sand,  the  respective  grains 
of  which  may  lie  in  streaks,  spots  and  layers,  or  may  tend  to 
arrange  themselves  in  some  more  or  less  uniform  relation  to  each 
other.  The  best  demonstration  that  the  rusting  and  corrosion  of 
iron  and  steel  in  all  its  forms  is  essentially  an  electrolytic  phenom- 
enon is  afforded  by  the  fact  that  it  is  not  possible  to  find  a  specimen 
of  such  purity  that  no  trace  of  positive  and  negative  nodes  will  be 
formed  in  the  ferroxyl  indicator. 

When  a  section  of  rolled  metal,  such  as  sheet  or  plate,  is  im- 
mersed in  water,  if  the  electrolytic  theory  is  correct  rusting  must 
take  place  with  the  establishment  of  positive  and  negative  spots  or 
areas.  At  the  positive  points  iron  will  pass  into  solution  and  be 
rapidly  oxidized  to  the  loose  colloidal  form  of  ferric  hydroxide 
which  is  characteristic  of  rust  formed  under  these  conditions.  It 
is  a  well  known  fact  that  colloidal  ferric  hydroxide  will  move  or 
migrate  to  the  negative  pole  if  subjected  to  electrolysis.  We  may 
therefore  consider  the  possibility  of  two  separate  effects  that  may 
be  produced,  viz.,  when  a  positive  center  is  surrounded  by  a 
negative  area,  and  vice  versa.  These  two  conditions  may  be 
graphically  represented  by  the  two  circles  A  and  B  shown  below: 


/I 

Diagram  Illustrating  Electrolytic  Action  on  the 
Surfaces  of  Iron  and  Steel. 
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Now  as  rusting  proceeds  we  should  expect  in  the  case  of  A 
that  the  ferric  hydroxide  would  be  piled  up  in  a  crater  formation 
while  the  metal  is  eaten  out  at  the  center.  In  the  case  of  B  the 
effect  would  be  reversed,  and  while  the  metal  would  be  attacked 
in  the  surrounding  area  the  hydroxide  would  be  piled  up  in  a  cone 
at  the  center.  That  this  is  precisely  what  is  taking  place  whenever 
a  sheet  of  metal  rusts  under  water  a  low  power  microscope  ^'ery 
clearly  shows.  In  Figs.  6  and  7  very  good  examples  of  crater 
and  cone  are  showTi  as  they  formed  upon  the  surface  of  rusting 
steel.  Fig.  8  shows  the  etching  effect  on  strips  of  iron  and 
steel  that  have  been  immersed  in  the  ferroxyl  reagent.  The 
electrohtic  eft'ects  which  have  been  active  on  the  three  samples 
are  beautifully  illustrated.  Figs.  9  and  10  show  the  general 
similarity  between  freshly  formed  rust-spots  and  the  actual  pit 
holes  which  formed  on  a  boiler  tube  in  service. 

The  evidence  advanced  in  the  preceding  pages  appears  to  the 
writer  to  confirm  the  conclusion  that  the  whole  subject  of  the 
corrosion  of  iron  is  an  electro-chemical  one  which  can  be  readily 
explained  under  the  modern  theory  of  solutions.  It  is  an  undeni- 
able fact  that  some  irons  and  steels  suffer  corrosion  very  much  more 
rapidly  than  others,  and  the  underlying  causes  for  these  dift'erences 
constitute  one  of  the  important  problems  of  modern  metallurgy. 

Although  the  discussions  brought  forward  in  this  paper  are 
mainly  theoretical  in  their  nature,  it  is  quite  apparent  that  they 
also  have  a  direct  practical  bearing.  Before  advance  can  be  made 
in  overcoming  the  difiiculties  in  the  way  of  manufacturing  iron 
which  shall  have  the  maximum  resistance  to  corrosion,  as  well  as 
the  preservation  of  the  metal  under  the  conditions  of  service,  the 
underlying  causes  must  be  thoroughly  understood.  If  we  accept 
the  electro-chemical  explanation  of  the  corrosion  of  iron  there  can 
be  no  doubt  that  conditions  which  inhibit  electrolytic  effects  also 
inhibit  corrosion,  and  vice  versa.  The  purer  the  iron  in  respect 
to  certain  other  metals  which  differ  electro-chemically  from  iron, 
and  the  more  carefully  lack  of  homogeneity  and  bad  segregation  is 
guarded  against,  the  less  likely  are  the  electrolytic  effects  to  become 
serious.  These  points  constitute  the  essential  problems  which 
confront  the  manufacturer  who  desires  to  make  a  product  which 
shall  have  a  high  resistance  to  corrosion.  The  user  and  consumer, 
however,  are  interested  in  the  protection  of  the  various  types  of 

15 
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merchantable  iron  and  steel  which  are  available  under  market 
conditions  at  the  present  time.  In  short,  protective  coatings  and 
palliative  methods  of  treatment  are  in  greater  demand  to-day  than 
ever  before.  From  the  standpoint  of  the  electrolytic  theory  many 
suggestions  for  experiment  under  the  conditions  of  service  present 
themselves.  The  fact  that  hydroxyl  ions  inhibit  the  rusting  of 
iron  has  been  made  practical  use  of  for  a  long  time  past,  and  it  is 
not  unusual  to  add  caustic  alkalis  to  boiler  waters  for  this  reason. 
This,  however,  frequently  causes  trouble  from  foaming,  and  as 
Cribb*  has  shown,  if  an  insufficient  amount  of  alkali  is  present  the 
pitting  effect  is  accentuated  rather  than  inhibited.  This  observa- 
tion is  in  accord  with  the  theory  that  the  hydroxyl  ions  must  reach 
a  certain  concentration,  which  varies  with  different  conditions, 
before  entire  prohibition  of  the  electrolytic  effects  is  obtained. 
At  concentrations  much  below  those  necessary  to  prohibit  electrolysis 
the  action  is  similar  to  that  obtained  by  adding  a  neutral  electrolyte 
to  the  water,  i.  e.,  the  electrolytic  effects  are  stimulated.  There 
should  be  many  cases,  however,  where  the  property  of,  alkalis  to 
inhibit  corrosion  could  be  made  of  more  practical  use  than  has  been 
done.  Whenever  iron  posts  or  standards  are  set  directly  in  the 
ground  instead  of  being  imbedded  in  concrete,  the  liberal  use  of 
slaked  lime  should  be  beneficial. 

The  expedient  of  using  metallic  zinc  in  boilers  to  overcome 
the  local  electrolytic  effects  in  the  iron,  by  producing  a  still  greater 
electrolytic  effect  at  the  almost  exclusive  expense  of  the  more 
positive  zinc,  is  well  known  and  has  been  in  use  for  a  long  time. 
Although  the  theory  on  which  the  use  of  zinc  for  this  purpose  is 
based  is  sound,  great  difficulty  has  been  encountered  in  maintain- 
ing good  metallic  contacts  between  sufficiently  large  surfaces  of 
the  two  metals  under  the  conditions  which  maintain  in  a  boiler. 
From  what  has  been  shown  in  regard  to  the  inhibitive  action  of  the 
chromates  it  is  not  improbable,  since  such  dilute  solutions  prevent 
electrolysis  and  corrosion,  that  the  addition  of  small  quantities  of 
bichromate  to  boiler  waters  would  be  highly  efficacious  in  prevent- 
ing the  rapid  pitting  which  has  caused  so  much  trouble.  It  has 
lately  been  reported  that  steel  boiler  tubes  used  on  vessels  fitted 
with  turbine  engines  suffered  corrosion  to  the  point  of  failure  in 

*  Loc.  cit.,  p.  214. 
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from  two  to  /our  months'  service*  This  was  found  to  be  due  to 
the  fact  that  the  steam,  containing  perhaps  volatile  acids,  impinging 
on  the  bronze  turbine  blade,  carried  copper  into  solution  and 
through  the  condensers  into  the  boiler.  Since  iron  does  not  change 
places  with  copper  in  dilute  solution  containing  bichromate,  it  is 
possible  that  here  again  this  salt  would  be  found  of  practical 
value.  That  this  statement  is  correct  can  easily  be  shown.  If  a 
bright  piece  of  iron  is  immersed  in  a  solution  of  copper  sulphate 
so  dilute  as  to  show  only  a  faint  bluish  tinge,  the  iron  will  neverthe- 
less turn  dark  from  precipitated  copper  in  a  verv-  few  moments. 
If  now  potassium  bichromate  is  added  in  only  just  sufficient  amount 
to  give  a  yellowish  instead  of  a  bluish  tinge  to  the  solution,  iron 
will  remain  bright  and  copper  will  not  be  deposited. 

The  experiment  has  been  made  of  keeping  iron  and  steel  in 
dilute  boiling  solutions  of  bichromate,  through  which  a  current 
of  air  is  bubbled,  for  protracted  periods,  and  as  long  as  the  strength 
of  the  solution  was  equal  to  or  above  one  or  two  pounds  of  bichrom- 
ate to  1,000  gallons  of  water  no  rusting  has  ever  taken  place. 
There  would  therefore  seem  to  be  no  reason  why  potassium 
bichromate  should  not  come  into  use  as  a  boiler  protective.  The 
application  of  the  various  inhibitors  in  the  priming  coats  of  paints 
and  other  protective  coverings  has  already  been  to  some  extent 
made  use  of,  and  it  would  appear  that  slightly  soluble  chromates 
should  be  theoretically  the  best  protectives  for  the  first  application 
to  iron  and  steel  surfaces. 

A  very  widespread  impression  prevails  that  charcoal  iron  and 
puddled  wrought  iron  are  more  resistant  to  corrosion  than  steel 
manufactured  by  the  Bessemer  and  open-hearth  processes.  It  is 
by  no  means  certain  that  this  is  invariably  the  case,  but  it  would 
follow^  from  the  electrolytic  theor}-  that  in  order  to  have  the  highest 
resistance  to  corrosion  a  metal  should  either  be  as  free  as  possible 
from  certain  impurities,  such  as  manganese,  or  should  be  so 
homogeneous  as  not  to  retain  localized  positive  and  negative  nodes 
for  a  long  time  without  change.  Under  the  first  condition  the 
irons  would  seem  to  have  the  advantage,  but  under  the  second 
much  would  depend  upon  care  exercised  in  manufacture,  whatever 
process  was  used. 


*  Eng.  News,   1907,   57,  426. 
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The  evidence  appears  to  be  conclusive  that  the  corrosion  of 
iron  in  all  its  forms  is  primarily  due  to  hydrogen  ions.  The  ability 
of  various  samples  to  resist  the  attack  of  an  acid  of  a  standard 
strength  may  turn  out  to  bear  some  relation  to  resistance  to  corro- 
sion under  service  conditions.  A  great  variation  in  resistance  to 
acid  corrosion  is  shown  by  different  specimens  of  both  iron  and 
steel.  An  investigation  of  this  subject  is  being  made  in  connection 
with  the  work  of  Committee  U  of  the  Society.  Carelessly  made 
and  poorly  segregated  metal  will  be  easily  attacked,  no  matter  what 
it  may  be  called  or  what  method  was  used  in  its  manufacture.  As 
has  already  been  pointed  out,  there  are  two  lines  of  advance  by 
which  we  may  hope  to  meet  the  difficulties  attendant  upon  rapid 
corrosion;  one  is  by  the  manufacture  of  better  metal,  and  the  other 
by  the  use  of  inhibitors  and  protective  coverings.  Among  the 
various  inhibitors  none  so  far  studied  yields  such  effective  results 
as  chromic  acid  and  its  salts. 


Acknowledgment  is  made  to  The  Iron  Age  for  the  cuts  used  in  this 
paper. 


INFLUENCE  OF  STRESS  UPON  THE  CORROSION  OF 

IRON. 

By  Wm.  H.  Walker  and  Colby  Dill. 

The  importance  of  as  full  an  understanding  as  is  possible  of  the 
factors  which  enter  into  the  cause  and  prevention  of  the  corrosion 
of  iron  and  steel,  has  been  demonstrated  anew  by  the  recent  action 
of  the  Executive  Committee  of  this  Society  in  the  appointment  of 
a  Committee  to  study  this  old,  yet  unsolved  problem. 

Of  the  many  factors  which  are  supposed  to  enter  into  corro- 
sion, there  is  one  which  has  been  investigated  almost  entirely  by 
engineers  to  the  practical  exclusion  of  the  man  with  a  chemical 
training.  This  is  the  influence  of  stress  upon  the  electromotive 
force  of  iron  and  hence  upon  its  corrosion.  The  fact  that  in 
riveted  sheet  iron  work  the  rivets  and  the  plate  often  show  a 
marked  difference  in  their  rate  of  corrosion  has  been  frequently 
noted.  Portions  of  bridge  members  sometimes  show  a  selective 
corrosion.  The  barbs  of  so-called  barbed-wire  fencing  generally 
corrode  more  rapidly  than  the  main  wires.  These  differences  in 
corrosion  have  been  explained  by  some  writers  of  repute  as  due 
to  a  difference  in  potential  set  up  in  the  two  members  by  the  unequal 
strain  to  which  they  are  subjected.  The  most  recent  work  upon 
the  protection  of  iron  from  corrosion  is  "Rustless  Coatings, — The 
Corrosion  and  Electrolysis  of  Iron  and  Steel,"  by  M.  P.Wood.* 
Under  the  head  of  "Corrosion  Increased  by  Stress"  the  author 
defends  the  above  theory  and  supports  his  view  by  quotations  at 
length  from  three  investigators.  The  first  of  these  is  Thomas  An- 
drews, F.R.S.jf  who  in  1894  pubHshed  the  results  of  an  extensive 
piece  of  work  from  which  he  concluded  that  when  a  piece  of  iron 
or  steel  is  strained,  for  example,  until  it  has  an  elongation  of 
20  per  cent,  in  three  inches,  this  strained  portion  is  less  rpadily 
attacked  than  the  portions  beyond  the  Jaws  of  the  machine,  or  the 
unstrained    portion.     He    states    "the    unstrained    portion    was 


*  John  Wiley  &  Sons,  1904. 

t  Proceedings  Institute  Civil  Engineers  (British),  118,  356  (1894). 

(229) 


230  ,         Walker  and  Dill  on  Corrosion  of  Iron. 

electropositive,  answering  to  the  zinc  of  a  galvanic  battery." 
While  Wood  in  ''Rustless  Coatings"  gives  Andrew^s'  work  in  con- 
siderable detail,  he  misquotes  his  summary  of  results  in  that  he 
states  that  the  "strained  metal  was  electropositive."  This 
version  agrees  with  Wood's  opinion,  but  is  diametrically  opposite 
to  the  meaning  and  text  of  Andrews. 

The  next  authority  quoted  is  Prof.  D.  C.  Jackson,  who  reported 
some  work  done  at  the  University  of  Wisconsin  by  Carl  Ham- 
buechen.  Although  in  his  report  Prof.  Jackson  gives  full  credit 
to  Hambuechen,  Wood  ignores  this  fact  and  treats  it  as  a  separate 
investigation.  Hambuechen*  followed  in  part  the  method  of  An- 
drews, but  with  more  refined  methods.  He  arrived,  however,  at 
diametrically  opposite  results  and  concluded  that  the  strained 
metal  is  electropositive  and  hence  will  corrode  more  rapidly  than 
the  unstrained  metal. 

From  an  electro-chemical  standpoint  both  these  investigations 
are  unsatisfactory.  Andrews  did  not  prepare  his  two  specimens 
in  the  same  manner,  and  used  an  electrolyte  (common  salt  solu- 
tion) which,  owing  to  the  high  polarization  phenomena  incident  to 
its  use,  must  give  erroneous  results.  Hambuechen  unfortunately 
used  as  an  electrolyte  a  ferric  chloride  solution  which  on  account 
of  the  action  of  metallic  iron  upon  it  also  gives  abnormal  results. 

In  an  investigation  by  Richards  and  Behr|  some  experiments 
upon  the  effect  of  strain  upon  the  potential  of  iron  were  made. 
The  authors  conclude  from  their  work  that  the  magnitude  of 
the  changes  produced  is  smaller  than  is  usually  supposed.  The 
data  are,  however,  so  scanty  and  the  results,  as  the  authors  point 
out,  so  irregular  that  no  conclusions  of  value  can  be  drawn. 

The  present  investigation  was  undertaken  with  the  hope  of 
throwing  some  light  upon  the  question  of  the  sign  and  magnitude 
of  the  potential  changes .  caused  by  straining  a  piece  of  iron,  par- 
ticularly below  the  elastic  limit,  and  therefore  of  the  change  in 
the  tendency  of  strained  iron  to  corrode. 

The  magnitude  of  the  increase  in  potential  which  one  would 
expect  to  be  produced  can  be  easily  computed  on  the  assumption 
that  the  energy  stored  up  in  the  specimen  below  the  elastic  limit 
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is  all  available  as  potential.  Some  very  pure  commercial  iron 
(Swedish  charcoal  iron)  was  obtained  and  tested  in  the  usual 
manner  to  determine  the  modulus  of  elasticity  and  clastic  hmit. 
The  diameter  of  the  specimen  was  about  0.25  inch.  Elongations 
were  measured  by  means  of  a  micrometer  which  could  be  read 
with  fair  accuracy  to  ten-thousandths  of  an  inch.  Electrical 
contact  was  used  to  insure  parallel  conditions  at  each  reading. 
The  results  of  this  test  showed  the  modulus  of  elasticity,  or  ratio 
of  stress  to  strain,  to  be  28,000,000  and  the  elastic  hmit  about 
16,500  pounds  per  square  inch.  A  second  experiment  gave  con- 
cordant results.  From  this  data,  the  amount  of  work  which 
would  be  done  upon  a  cubic  inch  of  iron  if  it  were  strained  to  its 
elastic  limit  would  be 


17000 
fdl 


where  w  =  work  done  in  inch  pounds, 

f  =  stress  applied  at  each  instant, 
1  =  strain  produced. 

f  I 

Since  —  =   28000000,  dl  =  df. 

1  28000000 

Substituting    this  value,  w    =  I  fdf. 

28000000 «/ 

Integrating  and  substituting  limits, 

17000  X  17000 


2   X  28000000 


=  5.16  inch  pounds. 


The  maximum  amount  of  work  which  it  is  possible  to  do  upon  one 
cubic  inch  of  soft  iron  by  stretching  it  to  its  elastic  limit  is  there- 
fore 5.16  inch  pounds.  This  is  equal  to  5.83  joules  and  one  cubic 
inch  of  soft  iron  weighs  approximately  126  grams,  assuming  the 
specific  gravity  to  be  about  7.7.  The  work  done  in  joules  per 
equivalent  is  therefore 

I        56 

5.83  X X  —  or  1.30  joules; 

1262 

and  the  change  in  electromotive  force  which  would  be  expected 

1 .30 
is  "T7 — or  0.0000134  volt.     The  magnitude  of  this  change  is  thus 
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very  small ;  its  direction  should  be  positive  because  it  is  the  mani- 
festation of  energy  stored  up  in  the  metal. 

Apparatus. 

The  well  known  method  of  Poggendorf  was  selected  as  the 
most  suitable  for  the  measurement  of  such  small  potential  changes 
as  seemed  Ukely.  The  galvanometer  was  an  unusually  good  instru- 
ment of  the  D'Arsonval  type.  Its  internal  resistance  was  about 
1,000  ohms  and  it  readily  indicated  corresponding  to  a  change 
of  potential  of  0.00002  volt.  The  galvanometer  was  hung  upon  a 
Juhus  suspension  to  protect  it  from  the  annoying  vibration  caused 
by  the  hea\7  testing  machines  close  at  hand. 

The  specimens  of  iron  used  were  made  from  two  lots  of 
exceptionally  pure  Swedish  charcoal  iron,  in  the  form  of  rods  \ 
and  ^  inch  diameter.  The  manipulation  of  specimens  of  these 
diameters  is  much  more  convenient  than  in  the  case  of  speci- 
mens of  fine  wire.  The  stresses  can  be  determined  more  accu- 
rately. The  question  of  inequaHty  in  the  distribution  of  the 
strain  over  the  cross-section  of  the  specimen  due  to  the  cold 
flow  of  the  metal  is  of  shght  importance  under  the  stresses 
which  were  measured,  i.  e.,  below  the  elastic  limit.  The  bars 
were  cut  in  lengths  of  about  18  inches  and  the  central  portion 
reduced  in  a  lathe  for  a  distance  of  about  one  inch  until  a  zone  of 
bright  new  metal  was  exposed.  This  band  was  smoothed  in  the 
lathe,  first  with  a  file  and  finally  with  emery  cloth  of  moderate 
fineness.  It  is  necessar}^  to  have  the  length  of  the  reduced  portion 
of  the  specimen  at  least  one  inch  in  the  case  of  the  half -inch 
specimens  in  order  to  eliminate  the  effect  of  the  portion  of  larger 
diameter  upon  the  strength  of  the  reduced  portion.  Tests  made 
at  the  Watertown  Arsenal  upon  rolled  plate  indicate  that  the 
strength  of  the  metal  at  the  reduced  section  may  be  increased  as 
much  as  20  per  cent,  where  the  length  of  the  reduced  portion  is  very 
small.  By  making  the  reduced  portion  greater  than  twice  the 
diameter,  it  is  fairly  certain  that  the  condition  of  the  metal  at  the 
center  of  the  reduced  portion  is  the  same  as  it  would  be  if  the  bar 
were  of  the  same  diameter  throughout.  With  the  exception  of  a 
narrow  zone  about  I  inch  wide  at  the  middle,  the  bars  were 
covered  with  a  waterproof  coating  to  insulate  the  metal  from  the 
solution  except  at  the  desired  point.     A  number  of  insulating 
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substances  were  tried — rubber,  wax,  paraffin,  and  collodion,  but 
the  most  satisfactory  was  ordinary  shellac  applied  in  two  or  more 
thick  coats.  The  shellac  is  not  allowed  to  dry  perfectly  hard  and 
so  it  remained  sufficiently  elastic  to  stretch  with  the  iron.  Electri- 
cal contact  with  the  iron  was  made  by  soldering,  in  the  case  of  the 
^-inch  specimens,  and  by  means  of  a  machine  screw  fitting  a 
tapped  hole  in  the  end  of  the  larger  specimens.  The  form  of  cell 
was  suggested  by  the  one  used  by  Richards  and  Behr.  It  con- 
sisted of  a  central  tube  about  three  inches  long  and  one  inch  internal 
diameter  open  at  both  ends.  To  this  were  bound  by  means  of 
adhesive  tape  three  smaller  tubes  of  the  same  length  closed  at  the 
bottom.  The  bottom  of  the  central  tube  was  closed  by  a  rubber 
stopper,  carefully  cleaned,  through  which  the  iron  bar  projected 
so  that  the  reduced  portion  came  at  the  middle  of  the  tube.  The 
central  tube  containing  the  specimen  was  filled  with  ferrous  sul- 
phate and  then  the  three  outer  tubes  were  filled,  one  with  ferrous 
sulphate  and  the  other  two  with  potassium  chloride.  All  four 
tubes  were  then  connected  by  means  of  siphons.  The  siphon  of 
the  normal  calomel  electrode  dipped  into  the  last  KCl  tube.  These 
precautions  were  successful  in  preventing  the  diffusion  of  the 
FeSO^  into  the  tube  containing  the  normal  electrode ;  not  even  a 
trace  of  iron  was  found  in  the  latter  after  six  weeks  of  constant  use. 
The  FeSO^  solution  was  protected  from  air  by  a  layer  of  paraffin 
oil  carefully  washed  to  remove  traces  of  alkali  or  acid.  It  had 
been  standing  over  very  finely  divided  pure  metallic  iron  in  an 
atmosphere  of  hydrogen  for  six  months,  so  that  it  was  absolutely 
neutral. 

It  was  found  impossible  to  use  testing  machines  operated  by 
power,  as  the  rapidly  moving  belts  produced  such  a  strong  statical 
charge  upon  the  machines  as  to  make  potential  measurements 
quite  out  of  the  question.  A  testing  machine  operated  by  hand 
was  found  to  be  less  convenient  but  quite  as  satisfactory  in  every 
other  respect. 

IMethod  of  Testing. 

When  ever}'thing  was  ready  for  the  test,  the  specimen  was 
lightly  rubbed  with  fine  emer}-  to  remove  traces  of  oxide  formed 
while  the  shellac  was  drying,  inserted  in  the  cell  and  the  latter 
filled  with  ferrous  sulphate  and  potassium  chloride  in  the  appro- 
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priate  tubes.  The  siphons  were  then  filled  and  inserted  and  the 
specimen  placed  in  the  testing  machine.  Here  it  was  allowed  to 
remain  at  rest  until  the  electromotive  force  was  constant  to  o.oooi 
volt  over  a  period  at  least  as  long  as  the  test  would  last.  The  initial 
electromotive  force  was  always  higher  by  several  millivolts  than 
the  final  constant  value,  probably  due  to  an  oxygen  film  on  the 
surface  of  the  metal. 

The  specimens  were  first  placed  under  a  slight  load  in  order  that 
there  might  be  no  delay  by  reason  of  adjusting  the  wedges.  A 
large  number  of  pieces  of  iron  were  broken,  but  the  results  of  but 
one  t)^ical  experiment  will  be  given.  These  are  shown  in  Fig.  i . 
The  load  was  put  on  uniformly  and  the  potential  dropped  very 
slowly  until,  at  a  stress  of  about  31,000  pounds  per  square  inch, 
the  electromotive  force  had  decreased  0.9  millivolt.*  When  the 
machine  was  stopped  at  this  point,  the  beam  of  the  machine  sagged. 
When  stress  was  again  applied  the  potential  rose  suddenly  3.9 
millivolts  and  when  the  machine  was  stopped,  it  dropped  to  its 
former  value  in  15  seconds,  then  sank  more  slowly  to  a  minimum 
and  then  started  slowly  to  rise  again.  As  the  load  was  put  on  a 
second  time,  the  character  of  the  change  was  similar  to  the  first, — 
the  same  sharp  rise  followed- by  an  abrupt  fall  when  the  machine 
was  stopped,  then  a  slower  fall  and  then  a  rise  to  a  constant  value. 
The  magnitude  of  this  sudden  rise  depended  upon  the  rate  at  which 
the  stress  was  applied.  A  slight  difference  was  that  in  the  second 
and  third  loadings,  the  sharp  rise  did  not  take  place  until  several 
seconds  after  the  loading  had  commenced.  The  final  value  after 
fracture  was  in  this  case  about  8  millivolts  higher  than  the  initial 
value.     In  this  plot,  time  in  minutes  is  plotted  as  abscissae  because 


*  The  result  of  stress  up  to  the  elastic  limit  in  seven  other  runs  was  as 
follows : 
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9 
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10 
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24600 
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it  is  practically  impossible  to  determine  the  actual  stress  when  the 
specimen  has  begun  to  ''draw  out"  under  stress  approaching  the 
breaking  stress. 

The  potential,  after  fracture,  of  the  following  six  specimens 
was  carefully  noted  and  when  constant  was  measured.  The 
original  and  final  values,  together  with  the  differences,  are: 


lark. 

Material. 

Pi 

P2 

P,  — Px 

5 

Mild  Steel 

0.7329 

0.7310 

— 0.0019 

6 

Swedish  Iron 

0.6927 

0.6993 

+  0.0066 

10 

"           " 

0.7II7 

0.7165 

+  0.0048 

II 

l(                          C( 

0.7224 

0.7223 

O.OOOI 

IS 

11                    <c 

0.7206 

0.7282 

+  0.0076 

20 

"              " 

0.7182 

0.7259 

+  0.0077 

These  potentials  are  all  the  potentials  of  the  whole  cell,  i.  e.  Fe, 
FeSO^,  KCl,  Hg.  The  potential  of  the  iron  electrode  alone  may 
be  found  by  subtracting  the  value  of  the  calomel  electrode,  0.5620 
volt  at  the  temperature  of  experiment,  from  the  values  given. 
The  results  thus  obtained  agree  with  the  work  of  Richards  and 
Behr  ver}^  c  osely. 

The  cause  of  the  abnormal  rise  observed  at  high  stresses  was 
next  considered.  Change  in  temperature  suggested  itself  as  the 
most  probable  cause,  although  iron  under  these  conditions  has  been 
shown  to  have  a  negative  temperature  coefficient.  In  order  to 
duplicate  as  nearly  as  possible  the  thermal  conditions  which  obtain 
in  the  iron  electrode,  a  device  was  used  whereby  there  was  a  contin- 
ual flow  of  heat  from  the  electrode  to  the  solution.  A  hole  about 
^  inch  in  diameter  was  drilled  throughout  the  length  of  one  of  the 
electrodes.  The  upper  end  was  joined  by  a  rubber  tube  to  a 
reservoir  directly  above,  holding  about  two  liters  of  hot  oil.  This 
was  allowed  to  flow  down  through  the  electrode  at  a  rate  determined 
by  the  desired  rise  in  temperature  of  the  iron.  It  was  evident 
that  a  rise  of  temperature  produced  a  decided  decrease  of 
electromotive  force.  This  fall  of  potential  due  to  rise  in  tem- 
perature explains  the  fact  that  the  dotted  curves  in  Fig.  i  fall 
below  the  normal  potential  of  the  iron  bar. 

If  the  sudden  rise  in  potential  above  the  elastic  limit  is  caused 
by  temperature  changes  in  the  electrode,  then,  since  iron  has  a 
negative  temperature  coefficient,  the  specimen  must  cool  off  as  the 
breaking  load  is  approached.     Such  a  phenomenon,  though  highly 
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improbable,  is  perhaps  conceivable.  Experiment  showed,  however, 
that  there  is  a  continuous  rise  in  temperature  from  the  elastic  limit 
lo  the  breaking  load. 

An  experiment  was  also  made  with  normal  ferric  chloride  as 
electrolyte  to  see  if  this  change  in  potential  below  the  elastic  limit 
also  occurred.  The  specimen  was  prepared  in  identically  the 
same  manner  as  the  previous  ones.  Soon  after  immersion  in  the 
ferric  chloride  it  became  coated  with  bubbles  of  hydrogen  and  the 
surface  lost  its  metalhc  lustre  and  grew  black.     The  potential  rose 
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•rapidly  during  the  first  and  second  days.  On  the  third  and  fourth 
days  the  potential  was  not  measured.  On  the  fifth  day  it  had 
risen  from  0.5279  volt  to  0.6638  volt  and  was  very  constant. 
Scraping  the  specimen  by  means  of  a  sharpened  wire  produced  a 
decrease  of  0.0031  volt.  The  next  day  (the  sixth)  the  bar  was 
pulled  nearly  to  fracture.  The  potential  decreased  gradually 
0.0006  volt  from  1,200  pounds  stress  per  square  inch  to  32,600 
pounds — the  yield  point.  Here  the  potential  rose,  as  in  all  previous 
cases,  but  the  subsequent  behavior  was  irregular.  This  experi- 
ment confirms  the  previous  ones  with  ferrous  sulphate  as  electrolyte 
and  makes  it  still  more  probable  that  the  variations  in  potential 
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below  the  elastic  limit,  observed  by  Hambuechen,  were  caused  by 
something  other  than  stress. 

If  there  is  a  permanent  difference  in  electromotive  force 
between  a  strained  and  an  unstrained  piece  of  metal,  it  should  be 
apparent  in  the  case  of  hard  drawn  wire  when  compared  with  the 
same  wire  annealed.  A  number  of  samples  of  steel  wire  in  its 
strained  condition  were  obtained  and  portions  of  each  sample 
carefully  annealed  in  a  vacuum.  In  almost  every  case  a  difference 
of  potential  was  observed  between  the  annealed  and  unannealed 
specimen.  But  further  investigation  showed  that  as  great,  and 
frequently  greater,  differences  existed  between  the  different  portions 
of  the  same  wire,  both  in  the  strained  and  in  the  annealed  condition. 

Summary. 

The  results  of  the  foregoing  experiments  may  be  summarized 
as  follows : 

1.  The  magnitude  of  the  potential  changes  suffered  by  soft 
iron  when  tested  in  a  tension  machine  below  the  elastic  Hmit,  is 
exceedingly  small.  In  the  majority  of  cases  it  was  less  than  o.oooi 
volt.  The  maximum  change  was  0.0004  volt.  This  change  can 
have  no  appreciable  effect  upon  corrosion. 

2.  The  change,  when  great  enough  to  be  measured,  was 
negative,  i.  e.  the  strained  metal  had  a  slightly  less  tendency  to  cor- 
rode than  the  same  metal  unstrained. 

3.  Somewhere  above  the  elastic  hmit,  the  potential  rises  sud- 
denly several  hundredths  of  a  volt.  The  magnitude  of  the  increase 
depends  upon  the  rate  of  straining  and  ceases  abruptly  when  the 
straining  ceases. 

4.  Measurements  upon  specimens  under  torsional  stress  give 
results  similar  to  those  obtained  from  tension  tests. 

5.  Out  of  a  considerable  number  of  specimens  strained  '.o 
breaking,  the  potential  of  six  reached  a  constant  value  shortly  after 
fracture.  The  difference  between  the  initial  and  final  potentials 
varied  from  —  0.0019  volt  to  4-0.0077  volt. 

We  conclude,  therefore,  that  even  beyond  the  elastic  limit  the 
corrosion  of  iron  is  not  greatly  affected  by  stress. 


DISCUSSION. 


The  President.  The  PREsmENT. — I  CEiinot  forbear  saying  how  charmingly 

the  thcor}^  of  these  two  papers  on  the  subject  of  corrosion  fits  in 
with  what  has  been  practically  the  text  of  the  Committee  on 
Preservative  Coatings  ever  since  it  was  started.  As  we  gradually 
began  to  get  data  indicating  what  we  could  do  to  protect  iron  and 
steel  from  corrosion,  it  apparently  centered  around  this  point: 
If  you  can  so  cover  your  metal  that  you  keep  the  o-wgen  out  there 
will  be  no  corrosion.  Apparently  the  experiments  referred  to 
in  the  two  papers  which  you  have  listened  to  give  an  absolute 
reason  why,  and  it  looks  as  though  the  future  was  going  to  leave 
us  these  two  problems:  Either  make  the  metal  so  there  will  be  no 
difference  of  potential  in  any  parts  of  it  or  cover  it  with  something 
that  will  keep  the  oxygen  out. 

Mr.  Wickhorst.  Mr.  M.  H.  Wickhorst. — I  wish  to  refer  to  some  experi- 

ments we  have  in  the  C,  B.  and  Q.  R.  R.  Laboratory  somewhat 
along  the  same  line  and  in  connection  with  the.  work  of  the  Com- 
mittee. If  we  take  borings,  we  will  say  of  a  piece  of  rail  steel  and 
put  them  in  a  fermentation  tube  such  as  bacteriologists  use,  with 
distilled  water  or  salt  solution,  we  will  get  an  evolution  of  gas 
collecting  in  the  closed  limb  of  the  tube.  That  will  occur  even  if 
we  take  care  to  keep  away  the  atmospheric  oxygen,  there  will  be 
this  evolution  of  gas  which  will  also  have  a  marked  alkaline 
reaction  to  j^henolphthalin,  showing  the  presence  of  a  hydrate  of 
some  sort.  In  the  case  of  distilled  water  this  must  be  ferrous 
hydrate.  Now  if  we  make  an  experiment  with  pure  iron  wire, 
such  as  we  use  in  the  laborator}^  for  standardizing  solutions,  we 
do  not  get  this  evolution  of  gas.  Apparently  under  those  con- 
ditions the  metal  is  so  pure  that  the  action  does  not  occur.  This 
all  fits  in  very  nicely  with  the  explanations  we  have  heard,  that 
the  impurities,  or  such  conditions  as  may  produce  polarization,  or 
differences  of  potential,  cause  a  larger  evolution  of  gas. 

Mr.  Cushman.  Mr.  A.  S.  CusHMAX. — I  want  to  speak  in  behalf  of  your 

Committee  U,  on  the  Corrosion  of  Iron  and  Steel.  Although  we 
are  not  ready  to  make  a  final  report,  I  want  to  call  attention  to  the 

(238) 
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fact  that  we  have  developed  three  different  methods  by  which  it  is  Mr.  Cushman. 
possible  that  we  may  get  advance  information  as  to  the  corrosion 
resisting  quality  of  different  metals.  First,  the  acid  test,  which  I 
spoke  of  last  night,  which  may  possibly  be  proved  useful.  Second, 
Dr.  Walker's  method,  which  any  one  who  has  a  chemical  labora- 
tory^ can  carry  out.  I  mean  by  this  the  paraffin  block  method  of 
measuring  the  potential  on  the  surface  of  specimens  of  iron  and 
steel. 

The  amount  of  hydrogen  given  off  is  in  direct  relation  to  the 
amount  of  rust  that  can  be  formed,  therefore  Mr.  Wickhorst's 
experiment  offers  a  third  method  which  may  possibly  be  used 
with  borings  as  well  as  specimens  with  machined  surfaces. 


ON  THE  HEAT  TREATMENT    OF  MEDIUM  CARBON 
STEEL.— THE  EFFECT   OF  RATE   OF  COOL- 
ING  ON  STRUCTURE. 

By  William  Campbell. 

In  a  former  paper  (Vol.  VI,  p.  211)  the  subject  of  the  heat- 
treatment  of  high  carbon  steels  was  dealt  with,  and  the  changes 
which  occur  in  the  two  constituents,  pearlite  and  cementite  were 
described. 

In  medium  carbon  steels  of  0.40  to  0.50  per  cent,  carbon  in 
their  normal  condition,  we  find  two  constituents,  ferrite  or  pure 
iron,  and  pearlite  or  the  eutectoid,  a  mixture  of  pure  iron  and  iron 
carbide,  cementite.  The  ferrite  surrounds  the  grains  of  pearlite 
and  a  section  shows  a  network  of  ferrite  with  a  mesh  of  pearlite. 
The  reason  for  this  structure  is  because  at  temperatures  above  the 
critical  points  the  steel  exists  in  the  form  of  a  solid  solution  (which 
we  call  austenite)  with  a  granular  structure.  As  the  temperature 
falls  to  the  upper  critical  point,  Ar2_3,  each  grain  becomes  saturated 
with  ferrite,  which  is  thrown  out  of  solution  with  fall  of  temper- 
ature. The  whole  being  solid,  the  ferrite  naturally  collects 
aro.und  the  outside  of  each  grain,  etc.  At  the  lower  critical 
point,  Arj,  the  residual  austenite  (0.9  per  cent,  carbon)  breaks 
down  into  the  eutectoid,  pearlite.  Hence  the  structure  consists 
of  a  network  of  ferrite  with  a  mesh  of  pearlite. 

Heating  ordinary  rolled  steel  bars  to  temperatures  below 
the  critical  point,  Acj,  reduces  the  strength  and  increases  the  ductil- 
ity. Whilst  the  size  of  grain  remains  unaltered  thereby,  the  struc- 
ture of  each  grain  of  pearlite  alters,  changing  from  the  "sorbitic" 
or  unsegregated  condition  to  the  coarsely  laminated  or  highly 
segregated  condition  through  a  regular  series,  regulated  by  the 
temperature  and  time  of  heating. 

Heating  to  the  lower  critical  point,  ACj,  refines  the  grain  of  the 
pearlite.  On  heating  to  the  upper  critical  point,  Ac^—j,  the  ferrite 
disappears  being  dissolved  in  the  solid  solution,  austenite,  which 
is  formed  when  pearlite  "transforms"  on  passing  the  lower  critical 
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point,  Acj.  But  the  higher  the  temperature  of  heating  above  Ac, 
the  coarser  will  be  the  resulting  grain  of  the  pearlite.  Hence  we 
find  that  the  steel  has  the  finest  structure  where  these  changes 
balance,  viz.,  just  below  Ac2_3. 

On  the  other  hand,  when  we  are  dealing  with  material  with  a 
very  coarse  structure,  as,  for  example,  unannealed  castings  or 
overheated  steel  (Figs  i  and  29  to  36)  the  ferrite  will  have  to  be 
completely  dissolved  to  refine  it.  Hence  our  refining  temperature 
will  be  at  Ac2_3.  Of  course  a  second  heating  to  Acj  will  further 
refine  the  pearlite. 

In  general  the  higher  the  temperature  of  heating  above  the 
critical  points,  the  coarser  will  be  the  structure  of  the  steel,  and  this 
coarseness  affects  the  ductility  more  than  the  strength. 

If  the  material  be  slowly  cooled  after  reheating  to  the  critical 
points  or  above,  another  change  besides  that  of  grain  size  is  noticed. 
The  relative  amount  of  ferrite  will  have  increased  enormously. 
This  is  well  shown  in  Figs,  i  and  2.  In  Fig.  i  (x  45)  we  have  a 
section  of  a  6-inch  square  ingot  as  cast ;  carbon  about  0.45  per  cent. 
The  structure  is  so  coarse  that  parts  of  three  grains  only  can  be 
seen.  The  lighter  ferrite  occurs  in  patches  in,  as  well  as  in  the 
form  of  envelopes  round,  the  darker  etching  grains  of  pearlite. 
The  relative  amounts  of  ferrite  and  pearlite  are  nowhere  near  i  to  i 
as  they  ought  to  be  if  the  pearlite  contains  0.9  per  cent,  carbon 
which  theory  demands.  On  heating  to  just  above  the  critical 
point  ACj  and  slowly  cooling  in  the  furnace  (in  a  reducing  atmos- 
phere to  prevent  dccarburization)  the  structure  shown  in  Fig.  2 
(x  45)  was  obtained.  The  texture  is  very  fine  and  the  relative 
amounts  of  ferrite  and  pearlite  are  now  about  equal.  The  lighter 
patch  shows  that  the  ferrite  has  not  been  completely  refined,  which 
would  have  occurred  had  the  temperature  been  raised  to  Ac2_3. 
This,  however,  would  have  produced  a  slightly  coarser  grain  in  the 
rest  of  the  section. 

A  second  example  has  been  taken  from  rolled  material. 
Several  sections  of  8-pound  rails  were  polished  and  examined, 
similar  pieces  were  heated  to  just  above  Ac,  and  slowly  cooled, 
which  produced  as  before  an  increase  in  the  relative  amount  of 
free  ferrite.  Fig.  3  (x  45)  shows  the  structure  on  the  underneath 
of  the  head  of  a  rail  containing  about  0.38  per  cent.  C,  0.80  per 
cent.  Mn.     After  heating,  the  structure  was  found  to  be  as  in 
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Fig.  4.  Whilst  the  temperature  was  not  high  enough  to  refine  the 
ferrite  and  obliterate  the  structure  due  to  the  original  rolling,  the 
increase  in  total  free  ferrite  is  marked.  In  Fig.  5  (x  45)  is  shown 
a  view  from  near  the  center  of  the  head  of  a  rail  with  0.4  per  cent. 
C.  0.8  per  cent.  Mn,  whilst  Fig.  6  shows  the  same  after  heating. 
Complete  refining  has  occurred,  with  the  usual  increase  in  ferrite 
content. 

Sauveur  and  Boynton*  with  a  steel  of  0.55  per  cent,  carbon 
found  that  by  cooling  in  the  furnace  from  1100°  C.  the  ductility 
was  greater  but  the  strength  less  than  in  the  case  of  the  sample 
cooled  in  air.  The  dark  etching  constituent  in  the  former  is  true 
pearlite,  in  the  latter  it  is  dilute  pearlite,  which  they  call  sorbite. 

The  following  tables  and  curves  were  obtained  in  working 


Table   I. — Steel  ^^  in.  square;  C.  0.50  per  cent.;  Mn.  o.c 
Bars  cooled  in  the  air. 


per  cent. 


Maximum 

Maximum 

Elon- 

Reduc- 

Temper- 

Elastic Limit. 

Load. 

gation  in 

tion  of 

ature. 

Pounds  per 

Pounds  per 

8  inches. 

Area. 

Degrees 

sq.  in. 

sq.  in. 

Per  cent. 

Per  cent. 

Centigrade. 

660 

72,500 

102,900 

15.6 

55-7 

680 

67,100 

104,100 

17-5 

50.8 

700 

62,500 

101,250 

17.6 

53-1 

720 

63,700 

102,300 

17-4 

54-3 

735 

65,600 

108,400 

17-4 

52 

Fig.  8  (x  120). 

745 

75,200 

112,000 

16.25 

51-5 

Fig-  9  (x  65). 

765 

74,600 

112,600 

16.5 

42.8 

775 

74,600 

112,200 

50.6 

820 

73,600 

"5. 150 

15 

48.4 

Fig.  11  X  (65). 

845 

73,100 

117,100 

15.6 

46 

900 

71,400 

115,000 

1 1. 9 

41 

Fig.  13  (x  40). 

965 

69,700 

114,800 

13.6 

42.7 

1030 

67,000 

1 10,300 

14 

38.4 

Fig.  15  (X40). 

1085 

66,400 

108,800 

12. 1 

39-3 

1150 

66,100 

109,950 

8.1 

34-4 

Fig.  17  (X40). 

1210 

64,900 

108,400 

11.25 

32.2 

1270 

66,900 

112,800 

8.1 

12.7 

Figs.  19  and  21 
(X40). 

1.340 

65,400 

113,900 

5-5 

7.6 

1390 

60,700 

98,200 

3-4 

5-4 

Figs.  23  and  25 
(X40). 

As  rolled 

70,550 

113,400 

139 

46.4 

Fig.  7  (x  120). 

700 

62,400 

100,400 

14-3 

55-8 

*  Trans.  A.  I.  M.  E.,  XXXIV,  page  150. 


Campbell  on  the  Heat  Treatment  of  Steel. 


243 


with  steel  jV  inch  square,  C.  0.50  per  cent.,  AIn.  0.98  per  cent. 
Aci  was  found  to  be  710°  C;  Ac2_3  745  to  750°  C.  The  bars  were 
heated  in  an  iron  muffle  set  in  a  cylindrical  gas  forge,  and  reached 
their  maximum  temperature  in  between  one  and  two  hours, 
after  which  one  bar  was  withdrawn  and  allowed  to  cool  in  the 
air,  another  allowed  to  cool  slowly  in  the  furnace.* 


Table  II. — Steel 


in.  square;  C.  0.50  per  cent.;  Mn.  o.c 
Bars  cooled  in  the  furnace. 


per  cent. 


Maximum 

Maximum 

Elon- 

Reduc- 

Temper- 

Elastic Limit. 

Load. 

gation  in 

tion  of 

ature. 

Pounds  per 

Pounds  per 

8  inches. 

Area. 

Degrees 

sq.  in. 

sq.  in. 

Per  cent. 

Per  cent. 

Centigrade. 

660 

68,800 

104,400 

156 

5I-I 

680 

67,400 

103,850 

16.9 

53 

2 

700 

65,800 

99,900 

17.2 

44 

75 

720 

62,700 

99,250 

17.0 

51 

9 

735 

62,100 

101,600 

18.9 

49 

8 

745 

67,500 

105,300 

18.25 

45 

9 

Fig.  10  (x  65). 

765 

67,500 

105,150 

174 

43 

6 

775 

65,800 

105.100 

18.25 

45 

2 

820 

64,450 

106,050 

18.5 

40 

5 

Fig.  12  (X65). 

845 

64,800 

106,400 

16.4 

37 

3 

900 

62,900 

104,050 

15-75 

39 

6 

Fig.  14  (X40). 

965 

62,000 

103,900 

15-6 

38 

6 

1030 

59,600 

101,600 

15-7 

37 

4 

Fig.  1 6  (x  40) . 

1085 

57.500 

99,750 

14-5 

37 

4 

1150 

57-500 

100,100 

10 

36 

4 

Fig.  18  (X40). 

1210 

54,000 

97,200 

13-75 

36 

8 

1270 

57,600 

99,600 

13-75 

36 

3 

Figs.    20    and    22 
(x  40) . 

1340 

54,500 

99,200 

11.8 

14 

1 

1390 

51,800 

89,100 

6.2 

8 

0 

Figs.    24    and    26 

(x  40) . 

As  rolled 

70,550 

113,400 

13-9 

46.4 

Fig.  7  (x  120). 

700 

63,500 

99,200 

15-6 

53-6 

The  bars  cooled  in  air  are  described  in  Table  I,  in  which  the 
first  column  denotes  the  maximum  temperature  of  heating.  Two 
heats  were  made  to  700°  C,  the  first  in  one  hour,  the  second  in  one 
hour  and  a  half,  the  temperature  reaching  between  700  and  705°  C. 

The  bars  cooled  in  the  furnace  are  described  in  Table'  II. 
The  figures  in  the  two  tables  have  been  plotted  in  the  curves 
shown  in  Figs.  37  to  40  for  steel  No.  i. 


*  Journal  Iron  and  Steel  Institute,  II,  1903,  p.  359. 
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In  Fig.  37  we  have  the  two  curves  for  the  maximum  loads 
which  are  roughly  parallel,  showing  maxima  at  the  845°  heat,  etc. 
In  Fig.  38  the  elastic  limits  are  shown  with  maxima  at  745°  C. 
and  a  fairly  regular  fall  beyond  that  point. 

In  Fig  39  the  elongations  are  plotted  and  while  the  curves 
are  not  very  regular  they  are  more  or  less  parallel  and  show  the 
furnace  cooled  specimens  to  be  ahead  of  those  cooled  in  the  air. 
The  maxima  lie  at  735°  C. 

In  Fig.  40  the  reductions  of  area  are  shown.  Up  to  about 
1100°  C.  the  air-cooled  bars  show  the  greater  reduction,  and  then 
fall  off.  The  maxima  occur  about  Acj,  and  up  to  735°  are  equal 
to  the  original.  Without  going  into  the  meanings  of  each  of  the 
curves  individually  we  can  sum  up  by  saying  that,  after  heating 
to  temperatures  above  the  critical  point  Acj,  the  strength  of  the 
bars  cooled  in  air  is  greater  than  that  of  the  bars  cooled  in  the 
furnace.  The  ductility  is  less.  On  examining  the  microstruc- 
ture  and  following  the  scries  of  changes  which  occur,  the  reason  is 
quite  evident,  being  due  to  the  presence  of  the  greater  amount  of 
free  ferrite  in  the  furnace  cooled  bars. 

The  original  steel  as  rolled  is  shown  in  Fig.  7  (x  120),  and 
consists  of  irregular  borders  of  ferrite  round  the  darker  pearlite 
grains.  Heating  to  temperatures  below  Ac^  has  but  little  effect 
on  grain  size,  but  tends  to  change  the  texture  of  the  pearlite.  The 
finest  grain  is  seen  in  Fig.  8  (x  120)  heated  to  735°  C.  and  cooled 
in  air  whilst  the  best  clastic  limit  is  given  by  the  745°  C.  heat, 
cooled  in  air,  shown  in  Fig.  9  (X65).  In  contrast  with  this  we 
have  Fig.  10,  the  furnace  cooled  specimen,  whilst  the  grain  is  the 
same  the  amount  of  ferrite  has  increased  enormously.  The 
^ries  of  changes  are  well  shown  in  Figs.  7,  8,  9  and  10. 

Above  the  critical  point  Ac2_3  the  higher  the  temperature 
the  coarser  the  grain,  as  will  be  seen  in  the  following  illustrations. 
The  odd  numbers  show  the  air-cooled  specimens,  the  even  numbers 
those  cooled  in  the  furnace.  Thus  Fig.  11  (x  65)  was  heated  to 
820°  and  air-cooled;  Fig.  12  (x  65)  furnace-cooled;  Fig.  i3'(x4o) 
was  heated  to  900°  and  air  cooled;  Fig.  14  (x  40),  furnace-cooled. 
Similarly  Figs.  15  and  16  show  the  steel  from  ihe  1030°  heat,  Figs. 
17  and  18  that  from  the  1150°  heat,  while  Figs.  19  and  20  show 
the  1270°  heat,  from  near  the  center  of  the  specimen.  The  con- 
trast in  the  relative  amounts  of  ferrite  is  strong.     The  center  of  the 
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largest  grain  in  Fig.  19  shows  a  curious  structure  which  is  also 
seen  in  Fig.  23.  Under  a  high  power  it  has  the  appearance  of 
martensite  (or  quenched  steel)  and  is  evidently  due  to  incomplete 
change  of  the  solid  solution  caused  by  the  comparatively  rapid 
rate  of  cooling.  On  the  outsides  of  these  bars  there  was  a  certain 
amount  of  decarburization.  That  of  the  air-cooled  specimen  is 
shown  in  Fig.  21,  while  that  of  the  furnace-cooled  one  is  seen  in 
Fig.  22.  In  Fig.  21  there  is  a  curious  network  of  ferrite  within  the 
coarsest  of  the  pcarlite  grains,  but  in  Fig.  22  there  is  a  sharp  division 
between  the  ferrite  and  the  pearlitc.  Figs.  23  and  24  show  the 
specimens  heated  to  1390°,  whilst  Figs.  25  and  26  show  the  same 
near  the  outside  where  decarburization  has  taken  place.  In  Fig. 
25  the  separation  of  the  ferrite  as  a  network  within  the  very  coarse 
grain  of  pearlite  is  even  more  marked. 

To  sum  up  the  changes,  then,  as  shown  in  Figs.  7  to  26, 
we  have  the  refining  of  the  grain  at  735°  C.  followed  by  a  more 
abundant  and  distinct  separation  of  the  ferrite  in  the  745°  heat 
and  above,  when  slowly  cooled,  the  higher  the  temperature  the 
coarser  the  grain. 

A  third  set  of  bars  were  withdrawn  from  the  furnace,  along 
with  those  to  be  cooled  in  air,  and  cooled  in  lime.  Their  physical 
properties  and  microstructure  lie  intermediate  between  those  of 
the  air  cooled  and  furnace  cooled  bars.  This  is  what  we  should 
expect,  for  cooling  in  lime  would  be  more  rapid  than  furnace  cool- 
ing but  considerably  slower  than  cooling  in  the  open  air. 

A  second  steel  it  inch  square,  0.42  per  cent.  C,  Mn  0.2  per 
cent,  gave  similar  results.  The  figures  given  in  Table  III  were 
obtained  by  F.  Lage*  in  working  on  this  material  under  my  direc- 
tion. They  have  been  plotted  in  the  curves  in  Figs.  37  to  40  as  steel 
No.  2.  They  also  show  that  the  furnace-cooled  bars  have  less 
strength  but  greater  ductility  tlian  those  cooled  in  air. 

An  examination  of  the  microstructure  shows  the  same  excess 
of  ferrite  in  the  furnace-cooled  specimens  as  before.  The  material 
as  rolled  is  shown  in  Figs.  27  and  28,  a  cross  section  and  a.  longi- 
tudinal section  respectively  (x  50  dias.)  Fig.  29  (x  45)  shows  the 
steel  after  heating  to  1050°  C.  and  cooling  in  air,  while  Fig.  30 


*  Thesis  for  the  Degree  of  Metallurgical  Engineer,  Columbia  Univer- 
sity, 1907. 
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shows  the  same  after  cooling  in  the  furnace.  Similarly  Figs.  31 
and  32  show  the  1165°  heat  cooled  in  air  and  in  the  furnace,  whilst 
Figs.  2;^  and  34  show  the  same  for  the  1300°  heat.  In  all,  the 
increase  in  ferrite  in  the  furnace  cooled  specimens  is  marked. 
The  difference  in  the  structure  of  the  decarburized  outer  layer  is 
seen  in  Figs.  35  and  36,  the  specimens  heated  to  1300°  C,  the 
much  coarser  segregation  of  the  ferrite  in  Fig.  36  being  pronounced. 

Conclusions. 

The  above  illustrations  confirm  the  work  of  others  and  point 
to  the  following  general  conclusions  : 

1.  To  refine  steel  of  0.40  to  0.50  per  cent,  carbon,  heat  to 
Ac2_3  or  about  750°  C.  If  the  material  is  already  comparatively 
fine  grained  a  slightly  lower  temperature  is  required;  if  coarse 
grained,  such  as  cast  or  overheated  steel,  then  a  slightly  higher 
temperature  is  needed.  Again,  the  lower  the  carbon  and  man- 
ganese the  higher  the  temperature.  We  can  put  the  limits  therefore 
between  735°  and  785°  C. 

2.  After  heating  to  temperatures  above  Ac^  (say  710°  C.) 
by  cooling  in  air  as  contrasted  with  slow  cooling  in  the  furnace,  we 
gain  in  strength  at  the  expense  of  the  ductility. 

3.  This  slow  cooling  produces  a  more  complete  separation  of 
the  excess  ferrite  and  a  more  defined  or  segregated  eutectoid, 
pearlite. 

4.  Rapid  cooling  conversely  tends  to  prevent  the  complete 
separation  of  the  excess  ferrite  and  yields  the  eutectoid  in  the 
"sorbitic"  or  unsegregated  conditions. 

In  conclusion  the  thanks  of  the  author  are  due  to  the  Carnegie 
Institution  of  Washington  for  a  grant  for  apparatus  to  carry  on 
research  along  this  line  of  investigation. 

Photomicrographs. 

Fig.  I.  Ingot  of  0.45  per  cent,  carbon  as  cast,  shows  very  coarse  struc- 
ture.    Light  ferrite  in  dark  etching  pearlite  (x  45). 

Fig.  2.  The  same  after  reheating  to  just  above  the  lower  critical  point. 
The  structure  now  is  extremely  fine  and  shows  more  abundant  fer- 
rite, the  lighter  constituent  (X45). 

Fig.  3.  Underside  of  rail  head  as  rolled  €.  =  0.38  Mn.  0.80  per  cent. 
(x  45)- 
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Fig.  4.  The  same  after  reheating,  a  great  increase  in  the  light  constit- 
uent, ferrite  (x  45). 

Fig.  5.  Center  of  rail  head  as  rolled  C.  =  0.40  Mn.  0.80  per  cent.  Medium 
grains  of  dark  pearlite  with  a  network  of  lighter  ferrite  (x  45). 

Fig.  6.  The  same  after  reheating,  grain  now  extremely  fine  and  ferrite 
much  more  abundant   (X45). 

Steel  No.  i.     C.  0.50.     AIn.  0.98  per  cent. 

¥i<^.     7.     As  rolled.     Dark  grains  of  pearlite,  with  irregular  borders  of 

lighter  ferrite  (x  120). 
Fi<7.     8.     Heated  to  735°  C.  and  cooled  in  air,  grain  has  been  refined. 

Shows  the  best  ductility  (x  120). 
Fig.     9.      Heated  to  745°  C.  and  cooled  in  air,  grain  coarser.     Shows  the 

best  elastic  limit  (x  65). 
Fi<^.  10.     The  same,   furnace  cooled,  much  more  ferrite  than  in  Fig.   9 

Fig.  1 1 .  Heated  to  820°  C.  and  cooled  in  air,  grain  coarser  than  in  Fig.  9, 
coarser  than  in  Fig.  7  the  original  steel  and  much  more  clearly  de- 
fined (x  65). 

Fig.  12.     The  same,  furnace  cooled.     Ferrite  much  stronger  (x  65). 

Fig-  13-     Heated  to  900°  C.  and  cooled  in  air  (x  40). 

Fig.  14.  The  same,  furnace  cooled.  Much  more  ferrite  than  in  Fig.  13 
(X40). 

Fig.  15.     Heated  to  1030°  C.  and  cooled  in  air  (x  40). 

Fig.  16.     The  same,  furnace  cooled  (x  40). 

Fig.  17.     Heated  to  1150°  C.  and  cooled  in  air  (x  40). 

Fig.  18.     The  same,  furnace  cooled  (x  40). 

Fig.  19.     Heated  to  1270°  C.  and  air  cooled  (x  40). 

Fig.  20.  The  same,  furnace  cooled,  all  show  a  progressive  coarsening  of 
the  grain  and  the  increased  ferrite  in  the  furnace-cooled  sample. 

Fig.  2 1 .  Shows  the  outside  of  the  specimen  heated  to  1270°  C,  air  cooled, 
grain  very  coarse  (x  40). 

Fig.  22.  The  same,  furnace  cooled.  The  difference  between  these  two  is 
characteristic   (x  40). 

Figs.  23  and  25.  Heated  to  1390°  C.  and  cooled  in  air,  the  latter  from 
the  outside   to  show  the   decarburization  (x  40). 

Figs.  24  and  26.  The  same,  furnace-cooled,  further  accentuate  the 
differences  between  the  two  specimens  (x  40). 

Steel  No.  2.     C.  0.42.     Mn.  0.20  per  cent. 

Fig.  27.     The  steel  as  rolled.    Cross  section,  shows  a  fine-grained  mixture 

of  ferrite  and  pearlite  (x  50). 
Fig.  28.     The  same.     Longitudinal  section,  grains  slightly  drawn  out  in 

the  direction  of  rolling  (x  50). 
Fig.  29.     Heated  to  1050°  C.  and  cooled  in  air  (x  45). 
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Fig. 

3°- 

Fig. 

31- 

Fig. 

32. 

Fig. 

33- 

Fig. 

34- 

Fig. 


Fig. 


The  same,  cooled  in  furnace  (x  45). 

Heated  to  1165°  C.  and  cooled  in  air  (x  45). 

The  same,  furnace  cooled  (x  45). 

Heated   to  1300°  C.  and  cooled  in  air  (x  45). 

The  same  furnace  cooled ;  all  show  a  progressive  coarsening  of 
the  grain,  with  the  greatly  increased  ferrite  in  the  slowly  cooled  sam- 
ples. 

35.  Shows  the  decarburized  outer  layer  of  the  sample  heated  to 
1300°  C.  and  air  cooled.  A  mat-like  mass  of  ferrite  grading  into 
pearlite  very  sharplj^  (x  45). 

36.  Shows  the  same,  furnace  cooled.  A  more  gradual  increase  in 
pearlite  in  depth,  a  sharper  separation  of  ferrite  and  pearlite,  etc. 
Shows  marked  difference  between  the  two  rates  of  cooling  (x  45). 


NOTES    ON   THE    ENDURANCE    OF    STEELS    UNDER 
REPEATED  ALTERNATE  STRESSES. 

By  James  E.  Howard. 

Three  diagrams  are  presented  on  the  behavior  of  steels  under 
repeated  alternate  stresses,  illustrating  some  of  the  tests  which 
have  been  made  at  the  Watertown  Arsenal  laboratory.  Fig.  i 
shows  the  arrangement  of  the  apparatus. 


Fig.  I. 

On  Diagram  I  the  heavy  vertical  lines  represent  the 
number  of  loads  which  were  applied  to  a  number  of  steel  bars, 
of  .55  per  cent,  carbon,  and  which  caused  rupture  of  the  metal. 
Beginning  with  the  highest  liber  stress,  60,000  pounds  per  sq.  in. 
the  progressive  gain  in  endurance  of  the  steel  as  the  loads  were 
successively  reduced  will  be  noted,  as  indicated  by  the  lengths  of 
the  different  lines.  The  lowest  fiber  stress  experimented  with  did 
not  end  in  rupture  of  the  shaft;  after  76  million  repetitions,  in 
round  numbers,  under  a  load  of  30,000  pounds  per  sq.  in.,    the 
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fiber  stress  was  increased  to  60,000  pounds  per  sq.  in.,  which 
higher  load  caused  rupture  after  about  8,000  rotations.  The 
enormous  gain  in  endurance  of  the  steel,  under  30,000   pounds 
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Diagram  I. 


fiber  stress,  over  its  behavior  with  the  higher  loads,  would  be 
represented  by  a  vertical  line  about  one-twelfth  of  a  mile  in  height, 
according  to  the  scale  of  this  diagram.     The  results  of  the  tensile 


254 


Howard  on  Endurance  of  Steel  under  Stress. 


tests  of  this  grade  of  steel  are  entered  on  the  diagram,  from  which 
it  may  be  seen  that  the  several  fiber  stresses  were,  with  one  excep- 
tion, below  the  tensile  elastic  limit  of  the  metal. 


REPEATED    ALTERNATE    STRESSES 
.82  CARBON    STEEL. 
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Diagram  11, 


On  Diagram  II  similar  lines  represent  the  behavior  of  speci- 
mens containing  .82  per  cent,  carbon.  The  behavior  of  this  grade 
resembles  that  of  the  previous  diagram,  and  similar  to  other  steels 
belonging  to  this  series  of  experiments.     The    endurance  under 
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corresponding  loads  is  seen  to  be  greater  than  displayed   on  the 
preceding  diagram.     After  making  202  million  rotations  the  test 

REPEATED  ALTERNATE    STRESSES., 
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Diagram  III. 

64.000 

77.000 

of  the  shaft  loaded  with  40,000  pounds  has  been    temporarily 
discontinued,  the  steel  being  unruptured.     A  line  drawn  to  scale 
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representing  the  endurance  under  this  load  would  be  about  one- 
fifth  of  a  mile  in  height. 

On  Diagram  111  appear  curves  representing  the  relative 
endurance  of  each  of  the  six  grades  of  steel  used  in  this  series  of 
experiments.  Their  endurance  under  the  higher  fiber  stresses 
only  are  shown,  loads  which  caused  comparatively  early  rupture 
of  the  steel  in  most  of  the  tests. 

It  may  be  remarked  that  the  fiber  stresses  experimented  with 
were  generally  below  the  tensile  elastic  limits  of  the  steels.  The 
greater  endurance  of  the  steels  of  .73  and  .82  per  cent,  carbon  in 
comparison  with  either  the  higher  or  the  lower  carbons  is  an  inter- 
esting feature  of  the  tests. 

Elastic  properties  only  are  displayed  by  steels,  prior  to  rupture, 
when  rupture  is  caused  by  a  large  number  of  alternate  stresses  of 
tension  and  compression.  No  appreciable  display  of  ductility, 
as  shown  by  elongation  and  contraction  of  area,  need  precede 
rupture,  in  any  grade  of  steel,  following  the  application  of  stresses 
of  this  kind.  If  the  fiber  stresses  somewhat  exceed  the  tensile 
elastic  limit  a  limited  display  of  elongation,  other  than  elastic, 
may  occur,  but  rupture  caused  by  loads  which  are  in  the  vicinity 
of  or  below  the  tensile  elastic  limit  is  not  attended  with  an  appreci- 
able display  of  ductility.  There  is  a  certain  limit,  experimentally 
ascertainable,  and  except  in  a  general  way  it  would  seem  not 
otherwise,  above  which  a  comparatively  small  number  of  repeti- 
tions will  cause  rupture,  while  under  lower  loads  the  limit  of  endur- 
ance is  greatly  prolonged.  The  relation  of  this  divisional  line  to 
the  properties  displayed  in  the  tensile  test,  present  information  is 
thought  to  be  inadccjuate  to  define. . 

It  has  been  found  that  steels  ruptured  by  repeated  stresses 
while  at  a  blue  heat  endure  a  geater  number  of  loads  than  when 
ruptured  at  ordinary  atmospheric  temperatures.  In  this  connec- 
tion it  will  be  recalled  that  the  tensile  strength  of  steel  is  greater 
at  400  to  600  degrees  F.  than  when  at  70  degrees.  Some  examples 
have  been  found  in  which  steels  after  having  endured  a  large 
number  of  stresses  and  then  tested  by  direct  tension  have  displayed 
higher  strength  than  normal  to  the  metal.  These  results  have 
suggested  the  probable  influence  of  ultimate  strength  on  the  ques- 
tion of  endurance  in  conjunction  with  the  range  of  elastic  move- 
ment which  steels  may  be  subjected  to. 
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Efforts  made  to  prolong  the  limit  of  endurance  by  occasionally 
annealing  the  metal  have  not  been  successful.  Further  efforts, 
however,  will  be  made  in  that  direction  since  it  is  a  matter  of  much 
interest  to  acquire  information  concerning  the  manner  in  which 
rupture  is  approached  and  accomplished  by  loads  so  much  inferior 
to  those  which  are  required  when  once  applied. 

While  tests  by  repeated  alternate  stresses  are  characterized  by 
the  absence  of  ductility  as  witnessed  in  tests  by  tension  there  may 
be  elastic  movements  of  the  metal  aggregating  considerable  dis- 
tances. The  aggregate  extension  of  the  most  strained  fiber  of  the 
.82  per  cent,  carbon  steel  which  has  successfully  endured  202 
million  repetitions  amounts  to  nearly  five  miles  per  linear  inch 
of  specimen,  a  distance  quite  incomparable  to  the  permanent 
extension  of  the  metal  in  the  tensile  test.  Occasional  eccentric 
fractures,  in  some  steel  occasioned  by  local  defects,  emphasize  the 
importance  of  structural  soundness  in  the  metal,  the  tensile  prop- 
erties themselves  of  a  given  grade  of  steel  being  under  considerable 
control  by  methods  of  working. 
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EFFECT  OF  COMBINED  STRESSES  ON  THE.  ELASTIC 
PROPERTIES  OF  STEEL. 

By  E.  L.  Hancock. 

During  the  past  year  tests  have  been  continued  under  the 
direction  of  the  writer  to  determine  the  effect  of  combined  stresses 
on  the  elastic  properties  of  steel.  These  tests  form  a  part  of  the 
general  plan  for  such  tests  carried  on  in  the  Laborator}'  for  Testing 
Materials  of  Purdue  University  (Vol.  V,  page  179,  and  Vol.  VI, 
page  295).  The  tests  already  m:ide  and  reported  to  this  Society 
have  included  tests  in  tension  and  compression  while  the  material 
was  under  torsion.  The  tests  reported  in  this  paper  were  made 
by  first  subjecting  the  material  to  tension  or  compression  and  then, 
while  under  such  stress,  applying  certain  increments  of  torsion. 
In  the  tension-torsion  tests,  tensile  stresses  of  o,  33,  50,  69,  81  and 
100  per  cent,  of  the  normal  clastic  limit  in  tension  were  first 
applied,  and  while  the  material  was  under  such  tension  it  was  tested 
in  torsion.  In  the  compression-torsion  tests,  compressive  stresses 
of  o,  33,  50,  83  and  100  per  cent,  of  the  normal  elastic  limit  in  com- 
pression were  applied  and  while  the  material  was  under  such 
stress  it  was  tested  in  torsion.  A  third  series  of  tests  were  made 
on  full-sized  steel  shafting,  by  first  subjecting  the  material  to  a 
certain  torque,  and  then,  while  under  such  torque,  testing  it  in 
flexure. 

The  writer  hopes,  at  an  early  date,  to  be  able  to  make  a 
general  review  of  all  tests  made,  and  to  accompany  it  with  a  proper 
analysis  of  all  data  thus  far  obtained.  In  the  meantime,  the  tests 
themselves  are  reported. 

Materials. 

The  material  used  in  the  tension-torsion  and  the  compression- 
torsion  tests  was  a  grade  of  steel  tubing  furnished  by  the  Shelby 
Steel  Tube  Company.  The  tension-torsion  test  pieces  were  32 
inches  long,  i  inch  outside  diameter  and  M  inches  inside  diame- 
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ter.  The  compression-torsion  test  pieces  were  8  inches  long  and 
of  the  same  size  and  thickness  as  the  tension-torsion  test  pieces. 
Simple  tension  tests  showed  the  material  to  have  the  following 
physical  properties:  Maximum  strength,  41,000  pounds  per  square 
inch,  elastic  limit,  21,000  pounds  per  square  inch  and  per  cent. 


Fig.  I. 


of  elongation  in  8  inches  of  32.  It  was  thoroughly  annealed  and  of 
uniform  thickness.  The  material  used  in  the  torsion- flexure  tests 
consisted  of  soHd  nickel  and  mild  carbon  steel  shafting  furnished 
by  the  Carnegie  Steel  Company.  The  nickel  steel  was  of  the  same 
chemical  composition  as  the  carbon  steel,  except  that  it  had  about 
3  per  cent,  of  nickel.     The  pieces  of  shafting  tested  were  5  feet 
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long  and  turned  down  to  i|  inches  in  diameter.  These  pieces 
were  squared  slightly  at  the  ends  to  provide  for  the  application  of 
the  torque. 

Method  of  Test. 

The  method  of  testing  pieces  in  tension  while  already  under 
torsion   has  been  explained   (see  Vol.   V,   p.    179).    The  same 


i^ 


Fig.  2. 


apparatus  and  arrangement  of  apparatus  was  made  use  of  in 
testing  in  torsion  while  under  tension.  After  the  desired  tensional 
load  was  applied,  suflScient  torsional  load  was  put  on,  to  overcome 
the  friction  of  the  ball-bearing  heads,  and  then  the  piece  was  tested 
in  torsion.     Elongations  were  measured  with  a  Johnson  exten- 
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someter  and  torsional  deformations  by  means  of  an  Olsen  tropto- 
meter.  Deformations  in  both  tension  and  torsion  were  measured 
on  an  8-inch  gauge  length.  To  determine  the  torque  necessary  to 
overcome  the  friction  of  the  ball-bearing  heads,  due  to  the  tensional 
load,  the  troptometer  was  set  at  zero  and  sufficient  sand  added  to 
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Fig.  3. — Steel  Tubing  in  Tension-Torsion. 


the  pails  at  the  ends  of  the  arms  to  cause  a  perceptible  motion. 
This  method  proved  accurate  and  satisfactory  . 

In  making  the  compression- torsion  tests,  the  upper  ball-bear- 
ing head  was  placed  uj)on  the  platform  of  the  testing  machine  with 
the  same  side  up  as  when  it  was  on  top  of  the  machine.  The  other 
ball-bearing  head  was  left  on  the  under  side  of  the  moving  head 
of  the  testing  machine.     In  this  position  the  compression  specimen 
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was  inserted  and  the  same  set  of  jaws  that  apphcd  tension  and 
torsion  in  the  tests  just  described,  appHed  compression  when  the 
moving  head  of  the  machine  was  lowered,  and  afterward  appHed 
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Fig.  4. — Steel  Tubing  in  Compression-Torsion. 


torsion.  The  compression  specimens  were  8  inches  long,  and  this 
length,  after  allowing  2.5  inches  on  each  end  for  insertion  in  the 
jaws,  gave  a  compression  length  of  three  inches.  Compression 
and  torsion  were  both  measured  on  a  2 -inch  gauge  length.  De- 
formations were  measured  with  an  Olsen  compressometer  and 


Hancock  on  Effect  of  Combined  Stresses. 


263 


troptometer.  The  disposition  of  the  specimen  in  the  machine 
and  the  arrangement  of  the  compressometer  are  shown  in  Fig.  i, 
although  this  is  not  a  photograph  of  one  of  the  test  pieces  and  the 
troptometer  is  not  shown.  Torsion  loads  were  obtained  by  adding 
the  required  amount  of  sand  to  the  pails,  attached  to  the  ends  of 
the  arms,  in  a  manner  similar  to  that  used  in  the  tension-torsion 
tests.  After  the  required  compressional  load  was  applied,  suffi- 
cient sand  was  placed  in  the  pails  to  overcome  the  friction  of  the 
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1.0 


ball-bearing  heads.  This  was  indicated  by  a  perceptible  move- 
ment of  the  troptometer  index.  In  making  these  compression- 
torsion  tests,  great  care  was  used  to  avoid  any  possible  column 
action  of  the  specimen.  It  is  believed  by  the  writer  that  no  such 
action  took  place  in  the  case  of  any  tests  reported  in  this  paper. 

The  torsion-flexure  tests  of  nickel  and  carbon  steel  shafting 
were  made  by  means  of  specially  devised  apparatus.  The  same 
arms  used  in  the  preceding  tests  were  attached  to  the  ends  of  the 
specimen.  The  attachment  of  these  arms  and  the  general  dis- 
position of  the  specimen  with  relation  to  the  testing  machine  is 
shown    schematically    in   Fig.   2.      The    testing  machine,   upon 
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^vhich  the  apparatus  was  mounted  and  which  was  used  in  the 
llexure  part  of  test,  was  an  ordinary'  tension  machine  of  20,000 
pounds  capacity.  T  is  the  platform  of  the  testing  machine. 
The  torque  was  apphed  by  means  of  weights,  indicated  in  the 
drawing  by  the  arrows  P.  The  plan  throughout  was,  first,  the 
application  of  a  certain  torque,  and  then  while  the  shaft  was  under 
this  torque  subjecting  it  to  a  llexure  test.     While  the  torque  was 
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Fig.  6. — Nickel  Steel  Shafting  in  Torsion-Flexure. 


being  applied  the  knife-edge  A  was  removed,  allowing  the  shaft  to 
turn  freely  over  the  knife-edge  B.  When  the  desired  torque  had 
been  applied  the  knife-edge  B  was  removed  and  the  knife-edge  A 
inserted.  The  downward  force  P  at  the  end  of  the  shaft,  indi- 
cated by  A,  was  obtained  by  allowing  the  desired  weight  to  hang 
from  the  end  of  the  arm.  The  upward  force  P,  at  the  same  end 
A,  was  obtained  by  allowing  the  desired  weight  to  hang  from  a 
bicycle  chain  which  ran  over  a  suitably  mounted   bicycle   wheel 
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and  fastened  to  the  other  end  of  the  arm,  in  such  a  way  as  to  give 
the  required  vertical  upward  pull.  The  friction  of  the  wheel 
and  chain  were  negligible.  The  arm  at  the  end  C  was  the  fixed 
arm.  The  specimens  were  tested  in  flexure  by  applying  the  load 
P  at  the  center  by  means  of    the   testing  machine.     Torsional 
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Fig.  7. — Curves  showing  Lowering  of  Elastic  Limit  of  Steel  due 
to  Combined  Stresses. 


deformations  were  measured  on  a  gauge  length  of  4  feet  9  inches 
by  means  of  an  Olsen  troptometer.  Flexural  deformations  were 
measured  with  an  Olsen  deflectometer.  iVfter  the  torque  had  been 
applied  the  beam  of  the  testing  machine  was  balanced,  eliminating 
from  consideration  the  weight  of  the  cross  beam  and  the  weights 
used  in  applying  the  torsion. 
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Results. 

The  lowering  of  the  torsional  elastic  limit  of  steel  tubing  due 
to  the  various  tensional  loads  is  shown  by  Fig.  3.  Curve  i  shows 
the  results  of  simple  torsion  tests,  curve  2  the  results  of  torsion  tests 
while  the  material  was  under  tension  to  f  the  elastic  limit  in  tension. 
Curves  3,  4,  5  and  6  show  the  results  of  torsion  tests  while  the 
material  was  under  tension  of  e,  i,  i  and  I,  respectively,  the  elastic 

TABLE  I. 

Results  of  Tests  of  Steel  Tubing;  Tension-Torsion  and  Com- 
pression-Torsion. 
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Compression-Torsion  Tests. 
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limit  in  tension.     Each  curve  represents,  at  least,  an  average  of  two 
tests. 

The  results  of  the  compression  torsion  tests  are  shown  by  Fig.  4. 
Curve  I  shovv^s  the  results  of  simple  torsion  tests  of  the  material. 
Curve  2  shows  the  result  of  torsion  tests  while  the  material  was 
under  a  compression  of  |  the  elastic  hmit  in  compression.  Curves 
3,  4,  and  5  show  the  results  of  torsion  tests  while  the  material  was 
under  compression  to  I,  i  and  I,  respectively,  the  clastic  hmit  in 
compression.  Each  curve  represents  an  average  of  two  or  more 
tests.  The  values  of  I,  f,  etc.,  of  the  elastic  limit  was  not  in  every 
case  exactly  noted  but  the  results  used  in  the  tables  and  curves 
show  a  discrepancy  in  only  one  or  two  cases. 
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The  results  of  the  torsion-flexure  tests  of  nickel  and  carbon 
steel  are  sho\Mi  by  Figs.  5  and  6.  Fig.  5  shows  the  results  of  the 
tests  of  mild  carbon  steel  shafting.  Cun^e  i  shows  the  result  of  a 
flexure  test  of  a  piece  of  the  shafting  when  no  torsion  is  apphed. 
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Fig.   8. — Curves  showing  the  Lowering  of  the  Elastic  Limit  of  Steel 
in  Tension,  Torsion,  Flexure   and  Compression,  due  to 
Coinbined  Stresses. 


Curve  2  shows  the  results  of  a  flexure  test  of  a  similar  piece  of  shaft- 
ing while  it  was  under  a  fiber  stress  of  22,800  pounds  per  square 
inch  on  the  outer  fiber.  Curves  3  and  4  show  the  results  of  flexure 
tests  of  shafting  while  under  a  stress  on  the  outer  fiber,  due  to 
torsion,  of  30,400  and  38,000  pounds  per  square  inch,  respectively, 
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Fig.  6  shows  the  rcsuhs  of  test  of  nickel  steel  shafting.     These 
pieces  of  shafting  were  the  same  size  as  those  of  carbon  steel. 


%    %    %.  .  ><    ^9       .  y^   ^« 

Amount  of  Stress  Applied  In  Fraction  of  Elastic  Limit 

Fig.  9. — Curves  showing  the  Effect  of  Combined  Stresses  on 
(i)   Modulus  of  Elasticity. 

(2)  Deformation  at  Elastic  Limit. 

(3)  Unit  Fiber  Stress  at  Elastic  Limit. 

Curve  I  shows  the  result  of  a  simple  flexure  test.     Curves  2,  3,  4 
and  5  show  the  results  of  flexure  tests  while  the  material  was  under 
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a  torque  sufficient  to  produce  a  fiber  stress  in  the  outer  fiber  of 
15,200,  22,800,  30,400,  and  38,000  pounds  per  square  inch, 
respectively. 

The  change  in  the  elastic  limit  in  tension,  torsion  and  flexure 
due  to  the  presence  of  another  stress,  torsion,  tension,  compression, 
and  torsion,  is  shown  in  Fig.  7.  The  abscissae  represent  the 
amount  of  the  particular  stress  initially  appHed  and  the  ordinates 
the  portion  of  the  elastic  Hmit  (normal  elastic  Hmit)  obtained  in 

TABLE   II. 

Results  of  Tests  on  Mild  Carbon  and  Nickel  Steel  Shaftings  in 
Flexure  while  under  Torsion. 
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tension,  torsion  and  flexure  as  a  result  of  the  initial  stress.  All  the 
results  that  have  been  obtained  by  the  writer  are  shoiMi  in  the 
diagram,  so  that,  not  only  are  the  tests  made  during  the  past  year 
represented,  but  also  all  those  that  have  been  reported  heretofore. 
These  points  are  averaged  by  hnes  i,  2,  3  and  4  in  Fig.  8.  The 
figure  needs  no  explanation. 

The  change  in  the  unit  stress  at  the  elastic  hmit,  part  of 
deformation  at  elastic  limit  and  the  modulus  of  elasticity  is  shown 
by  Fig.  9.  The  amount  of  stress  applied  initially  is  represented  on 
the  horizontal  axis  and  the  corresponding  change  produced  by  this 
initial  stress  is  sho\\Ti  on  the  vertical  axis.     It  is  seen  that  the  unit 
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stress  at  the  elastic  limit,  deformation  and  modulus  of  elasticity 
are  all  lowered  by  the  stress  initially  applied. 

The  results  obtained  from  the  tests  of  steel  tubing,  in  torsion 
while  under  tension  are  shown  in  Table  I.  The  table  shows  that 
an  amount  of  tension  applied,  equal  to  o,  33,  50,  69,  81  and  100  per 
cent,  of  the  elastic  hmit  in  tension,  produces  an  elastic  limit  in 
torsion  of  100,  68,  60,  43,  31  and  25  per  cent,  of  the  normal  elastic 
limit  in  torsion,  respectively.  The  same  table  also  gives  the 
results  of  the  compression-torison  tests,  showing  that  an  amount  of 
compression  applied,  equal  to  o,  33,  50,  83  and  ico  per  cent,  of 

TABLE  III. 

Relation  Between  the  Bending  Moment  in  Torsion  and  the 

Bending  Moment  in  Flexure  in  the  Torsion-Flexure 

Tests  of  Steel  Shafting. 


Carbon  Steel. 

Nickel  Steel. 

Specimen. 

Torsional  moment     Bending  moment 

applied  in  inch        in  flexure  in  inch 

lbs.                                lbs. 

Torsional  moment 

applied  in  inch 

lbs. 

Bending  moment 

in  flexure  in  inch 

lbs. 

I 
2 
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4 
5 

0 
14,400 
19,200 
24,000 

15.15° 
12,950    - 
9,800 
7,100 

0 

9,600 

14,400 

19,200 

24,000 

2  4,UO 
21,800 
20,200 
18,650 
17,000 

the  normal  elastic  limit  in  compression  produces  an  elastic  limit 
in  torsion  of  100,  73,  42,  36  and  27  per  cent,  of  the  normal  elastic 
limit  in  torsion,  respectively.  It  is  seen  from  this  table,  as  well  as 
from  Fig.  9,  that  the  unit  stress  and  unit  strain  at  the  elastic  hmit 
are  lowered  considerably,  due  to  the  combined  stresses,  and  that 
the  modulus  of  elasticity  is  also  lowered,  but  to  less  degree.  That 
is,  the  strength  of  the  material  suflfers  most  when  combined  stresses 
are  acting. 

The  results  of  the  flexure  tests  on  steel  shafting  are  shown  in 
Table  II.  Here  the  nickel  steel  seems  to  withstand  the  combined 
stresses  better  than  the  mild  carbon  steel.  This  is  seen  by  com- 
paring the  per  cent,  of  normal  elastic  limit,  for  the  carbon  steel 
100,  87  and  67,  and  for  the  nickel  steel  100,  90,  83,  77  and  70. 
The  per  cent,  of  normal  deflection  at  the  center  for  carbon  steel  is 
seen  to  be  icxd,  92  and  79,  while  for  nickel  steel  it  is  100,  98,  100, 
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99  and  89.  The  modulus  of  elasticity  is  changed  but  little  in  either 
case,  that  is,  the  combined  stresses  have  little  effect  upon  the  stiff- 
ness of  the  shafting. 

Table  III  gives  the  bending  moments  in  both  torsion  and  flex- 
ure for  both  carbon  and  nickel  steel  shafting.  Table  IV  gives  the 
results  of  computing  unit  stresses  by  the  various  formulae  for 


TABLE  IV. 
Unit  Stresses  (Computed  from  Different  Formulae). 


Kind  of  stress. 


Steel  Tubing  in  Tension- 
Torsion. 

Simple  Tension 

Simple  Torsion 

i  Tens.-E.  L.  Torsion  .  . 
i  Tens.-E.  L.  Torsion  ... 
.60  Tens.-E.  L.  Torsion  . 
.81  Tens.-E.  L.  Torsion  . 
1. 00  Tens.-E.  L.  Torsion 

Steel  Tubing  in  Com- 
pression -Torsion . 
Simple  Compression  .... 

Simple  Torsion 

i  Comp.-E.  L.  Torsion  .. 
i  Comp.  E.  L.  Torsion  .. 
.83  Comp.-E.  L.  Torsion 
1. 00  Comp.-E.L.  Torsion 

Steel  Shafting  in  Torsion- 
Flexure. 
Mild  Carbon  Steel. 

Simple  Flexure 

i  Tors.-E.  L.  Flexure.  .. 
JTors.-E.  L.  Flexure.  .. 
I  Tors.-E.  L.  Flexure.  .. 

Nickel  Steel 
Simple  Flexure. 


I  Tors.-E.  L.  Flexure. 
5  Tors.-E.  L.  Flexure. 
ITors.-R.  L.  Flexure. 
I  Tors.-E.  L.  Flexure. 


Apparent 

Trtie  stresses. 

True  stresses. 

Simple  s 

stresses. 

I  =  i 

I  =  i 

^1 

^s 

Tl 

Ts 

T'l 

T's 

P 

21,000 

10,500 

21,000 

13,100 

21,000 

14,000 

21,000 

10,500 

10,500 

13,100 

13,100 

14,000 

14,000 

00,000 

11,500 

8,000 

12,600 

10,000 

13,000 

10,600 

7,000 

13.400 

8,200 

14,100 

10,200 

14,400 

10,000 

10,500 

15,300 

8,300 

15,600 

10,300 

15,400 

II  ,000 

14,000 

17,600 

9,100 

17,700 

11,300 

17,800 

12,100 

17,000 

21,300 

10,800 

21,300 

13,500 

21,400 

14,400 

21,000 

24,000 

12,000 

24,000 

15,000 

24,000 

16,000 

24,000 

10,500 

10,500 

13,100 

13.100 

14,000 

14,000 

00,000 

12,600 

8,600 

13,800 

10,800 

14,200 

1 1,500 

8,000 

13,500 

7,500 

13,800 

Q,300 

14,000 

10,000 

1 2,000 

20,700 

10,700 

20,800 

13,300 

20,900 

14.200 

20,000 

24.JOO 

12.300 

24,400 

15,400 

24,450 

16,400 

24,000 

47,000 

23.500 

47,000 

29,300 

47,000 

31,300 

47,000 

SI.  1 60 

30.660 

53,700 

38,300 

54,500 

40,800 

41,000 

40,600 

34,100 

54.200 

42,600 

55,700 

45,400 

3 1 ,000 

71,200 

5Q.QOO 

83,300 

74,900 

87,400 

79,900 

22,500 

76,500 

38,200 

76,500 

47,8  00 

76,500 

51,000 

76,500 

72,200 

37,700 

73,000 

47,100 

73,200 

50,200 

69,000 

71,800 

3Q,200 

73,060 

49,060 

73,600 

52,300 

64,000 

71,800 

42,300 

75,000 

52.900 

76,100 

56,400 

59,000 

73,600 

46,600 

7'8,soo 

58,200 

80,100 

62,100 

54, 000 

00,000 
10,500 
7,200 
6,300 
4.SOO 
3,300 
2,700 


00,000 
10,500 
7.700 
4,500 
3.800 
2,900 


00,000 
22,800 
30,400 
38,000 


00,000 
15,200 
22,800 
30,400 
38,000 


combined  stresses.  The  first  and  second  columns  give  the  greatest 
tension  and  shear,  respectively,  on  any  internal  plane,  when  no 
account  is  taken  of  the  change  of  form  due  to  the  acting  stresses. 
The  third  and  fourth  columns  give  the  greatest  tension  and  shear, 
respectively,  on  any  internal  plane,  when  it  is  assumed  that  Pois- 
son's  ratio  is  J.  The  fifth  and  sixth  columns  give  the  greatest 
tension  and  shear,  respectively,  on  any  internal  plane,  when  it  is 
assumed  that  Poisson's  ratio  is  ^.     The  last  two  columns  give  the 


272  Hancock  ox  Effect  of  Combined  Stresses. 

unit  tension  and  unit  shear  on  the  outer  fiber  apphed  to  the  speci- 
men during  the  test.  In  the  case  of  the  compression-torsion  tests 
the  first,  third,  fifth  and  seventh  columns  give  unit  compression 
instead  of  unit  tension.  (For  the  formulae  from  which  these 
results  have  been  computed  reference  is  made  to  a  former  com- 
munication of  the  author,  see  Vol.  VI,  p.  295.) 

Conclusions. 

The  results  of  tests  reported  in  this  paper  show: 
(i)  That   combined  tension  and  torsion  lowers  the   elastic 
limit  in  torsion,  as  shown  in  Fig.  8. 

(2)  That  combined  compression  and  torsion  lowers  the  elastic 
limit  in  torsion,  in  about  the  same  way  as  in  the  case  of  tension- 
torsion. 

(3)  That  combined  torsion  and  flexure  lowers  the  elastic 
limit  of  the  materials  in  flexure,  as  sho\\Ti  in  Figs.  7  and  8,  and  that 
this  lowering  seems  to  be  less  than  for  any  other  case  of  combined 
stresses,  thus  far  investigated.  This  lowering  is  slightly  less  for 
the  nickel  steel  shafting  than  for  the  carbon  steel  shafting. 

(4)  That  the  unit  deformation  at  the  elastic  limit  of  the  tubing 
in  tension-torsion  and  compression-torsion  is  lowered,  as  shown  in 
Fig.  9. 

(5)  That  the  deflection  of  the  steel  shafting  is  made  less  when 
the  torsion  is  increased,  the  change  being  greater  in  the  case  of  the 
carbon  steel  than  in  the  case  of  the  nickel  steel.  (Deflection  here 
means  deflection  at  the  elastic  limit.)  A  comparison  of  Figs.  5 
and  6  shows,  that  within  the  limits  of  elasticity,  the  amount  of 
deflection  for  any  given  load  is  about  the  same  for  the  carbon  steel 
as  for  the  nickel  steel. 

(6)  That  the  modulus  of  elasticity,  both  in  torsion  and  flexure, 
is  lowered  slightly  by  the  presence  of  combined  stresses  (Fig.  9). 

(7)  That  the  maximum  shear  on  any  internal  plane  should 
control  in  design  of  parts  subjected  to  combined  stresses.  In 
Table  IV  the  computed  maximum  tension  and  maximum  shear 
that  is  greater  than  the  tensile  or  shearing  strength  of  the  material 
has  been  underlined.  It  is  seen  that  in  only  a  few  cases  does  the 
maximum  tension  exceed  the  tensile  strength  of  the  material, 
while  the  computed  maximum  shear  is,  in  very  many  cases,  greater 
than  the  shearing  strength  of  the  material.  These  results  are 
generally  in  accord  with  results  previously  obtained  by  the  writer. 


TESTS  OF  STAYBOLTS  AND  STAYBOLT  IRON. 

By  E.  L.  Hancock. 

During  the  past  year,  a  series  of  tests  of  staybolts  and  staybolt 
iron  have  been  carried  on,  under  the  direction  of  the  Avriter  in  the 
laborator}^  for  testing  materials  of  Purdue  University.  Inasmuch 
as  this  subject  is  now  occupying  the  attention  of  one  of  the  com- 
mittees of  this  Society,  it  was  thought  that  the  results  of  the  tests 
made  would  be  of  interest  and  value.  The  investigation,  which 
was  quite  independent  of  the  work  of  the  Committee,  was  divided 
into  tT\'o  parts:  (i)  An  investigation  of  the  effect  of  var\'ing  the 
length  and  tensional  stress  of  hollow  staybolts  upon  their  resistance 
to  vibration;  (2)  An  investigation  of  the  relative  strength  of  solid 
and  hollow  staybolt  iron  of  the  same  grade. 

Material. 

The  staybolt  iron,  both  solid  and  hollow,  was  one  inch  in  diam- 
eter, the  hollow  having  a  hole  in  the  center  0.38  inches  in  diameter. 
The  bars  were  purchased  on  the  market  from  a  prominent  manu- 
facturer, who  was  requested  to  furnish  uniform  material.  The 
order  called  for  solid  and  hollow  staybolt  material  of  the  same 
grade.  In  furnishing  the  material  the  manufacturer  claimed  that 
the  solid  and  hollow  bars  were  exactly  of  the  same  material,  the 
hollow  bars  being  produced  by  rolling  the  solid  bars,  increasing  the 
strength  and  flexibility  of  the  material  and  making  it  more  uniform 
in  structure.  Direct  tension  tests  showed  the  material  to  have  the 
following  physical  properties : 


Hollow  material.. . 

Yield 
point. 

••    31.700 

Maximum 
strength. 

44,700 

Per  cent, 
elongation. 

27  (in  8  in.) 

Per  cent, 
contraction. 

34 

Solid  material  .    .  . 

•  •    33.160 

44,600 

25  (in  8  in.) 

38- 

Method  of  Test. 

An  Olsen  vibrator}'  machine  was  used  in  making  the  test. 
This  machine  is  so  constructed  that  one  end  of  the  staybolt  may  be 
rigidly  clamped,  while  the  other  end  is  caused  to  move  in  a  circle  of 
18  (273) 
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PiG.  I.— Machine  for  Making  Vibratory  Tests.* 


*A  diagrammatic  drawing  of  this  machine  is  given  in  Vol.  IV,  p.  322. 
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desired  radius.  Provision  is  also  made  for  the  application  of  desired 
tensional  loads,  making  it  possible  to  vibrate  the  material  while 
under  tension.  The  machine  (Fig.  i)  is  familiar  to  most  engineers 
and  needs  no  further  description  here.  The  test  specimens  were 
prepared  in  accordance  with  Fig.  2.*  About  five  inches  was  allowed 
at  one  end  for  clamping  in  the  machine,  and  about  three  inches  at 
the  other  for  the  fitting  on  the  ball,  by  means  of  which  vibration 
was  possible.  The  length  of  the  staybolt  was  given  as  the  distance 
from  the  lower  end  of  the  clamp  to  the  center  of  the  ball.  Three 
groups  of  hollow  staybolts,  having  lengths  of  5,  6  and  7  inches, 
respectively,  were  prepared,  these  were  threaded  with  standard 
staybolt  dies,  12  threads  to  the  inch.  They  were  tested  in  such  a 
way  that  one  end  of  the  bolt  vibrated  in  a  circle  \  inch  diameter,  at 
the  rate  of  120  revolutions  per  minute.  In  each  group  specimens 
I,  2,  3,  4  and  5  were  vibrated  under  tensional  stresses  of  4,chdo,  6,000 
8,000,  9,000  and  10,000  pounds  per  square  inch,  respectively.  Two 
other  groups,  one  of  hollow  and  one  of  solid  staybolt  iron,  were 
prepared.  These  pieces,  which  were  aU  8  inches  long,  were 
left  unthreaded  but  were  grooved  just  at  the  lower  edge  of 
the  clamp.  They  were  vibrated  through  the  same  distance  as 
those  just  described  and  at  the  same  speed,  the  tensile  stresses 
var}-ing  from  4,000  to  10,000  pounds  per  square  inch  in  each  case. 
While  the  tests  were  being  made,  observations  were  made  of  the 
number  of  revolutions  for  certain  increments  of  elongation,  as 
indicated  by  the  machine.  These  elongations,  while  not  the  actual 
elongations,  serve  to  show  something  of  the  behavior  of  the  mate- 
rial while  under  these  tests. 

Results. 

The  sections  of  the  broken  specimens  are  shown  in  the  photo- 
graphs, Figs.  3  and  4.  Fig.  3  shows  the  fractured  ends  of  the 
threaded  bolts  of  Series  i,  2  and  3.  The  fact  that  the  load  and 
length  varied  in  the  different  specimens  is  not  apparent  in  the 
fractures.  All  have  a  characteristic  crack,  extending  on  each  side 
of  the  center  toward  the  outside.  Fig.  4  shows  the  fractured  ends 
of  the  unthreaded  bolts  of  Series  4  and  5.     The  specimens  in  these 


*  Acknowledgment  is  made  to  The  Railway  Age  for  the  cuts  used  in 
this  paper. 
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series  were  grooved  at  the  lower  edge  of  the  clamp.     An  examina- 
tion of  the  fractures  shows  the  same  single  crack,  extending  from 


o 

a 


the  center  outward,  in  the  hollow  bolts.  The  fibers  of  the  solid 
bolts  do  not  seem  to  be  so  well  united.  If  the  materials  were  orig- 
inally the  same  the  process  of  making  the  material  hollow  seems  to 
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have  united  the  fibers,  so  that  separation  takes  place  only  in  one 
plane.  There  seems  to  be  no  change  in  the  fracture  due  to  change 
in  tensile  load  and  the  fractures  of  the  threaded  bolts  do  not  differ 
noticeably  from  those  of  the  grooved  bolts. 

Table  i  gives  the  numerical  results  of  all  tests  made.     It  is 


TABLE  I. 
Results  op  Tests  of  Staybolts  and  Staybolt  Iron. 


^•a 

^ 

0 

0 

t*  S 

0 

M 

OJ      . 

^4-1 

0  C 

M      • 

li 

c 

60    . 

4)  0 

P  U 

C  p 

0  c 

0  . 

C< 

c    • 

c   • 

a 

S 
0 

a 

u    . 
<u  0 

0)  0 

£■« 
5 

Tensile  sti 

Lbs.  pe 

sq. in. 

•2  3 

.3  0. 
>  •- 

cl>  0 

.  0 

Per  cent. 

contracti 

of  area 

(U   0 
2i  ■" 

.2< 

is 

c  0 
0  a 

S 

c« 

is 

c  0 
0  a 

5 

Hollow  Staybolts, 

Threaded. 

1— r 

S 

.82 

.38 

4,000 

1,126 

.4 

28.S 

1-2 

5 

.81 

.38 

6,000 

1,898 

4-5 

29.9 

1-3 

5 

.82 

.38 

8,000 

1.783 

6.3 

25-5 

1-4 

5 

.81 

.38 

9, 000 

2,8S3 

5-1 

29.9 

1-5 

5 

.82 

.38 

10,000 

1,426 

4-5 

28.5 

2-1 

6 

.8,^ 

.38 

4,000 

1,920 

I.O 

27.2 

2—2 

6 

.82 

.38 

6,000 

2,324 

3.1 

28.S 

2-3 

6 

.82 

.38 

8,000 

3.365 

3.6 

28.5 

2-4 

6 

.81 

.38 

9,000 

4. 161 

4-1 

29.0 

2-5 

6 

.82 

.38 

10,000 

5,183 

4-1 

2S.S 

3-1 

.85 

.38 

4,000 

4.223 

■7 

23 

500 

3,500 

.025 

.04 

3-2 

.85 

.38 

6,000 

5.280 

•9 

23 

500 

4,000 

■04 

.06 

3-3 

.85 

.38 

8,000 

4.858 

i-S 

23 

750 

3,750 

.08 

■IS 

3-4 

.83 

.38 

9,000 

4,613 

1.6 

27 

7SO 

3. soo 

.12 

.18 

3-5 

.82 

.38 

10,000 

6,507 

1.6 

28.S 

Soo 

6,000 

.11 

.18 

Solid  and  Hollow  Staybolt  Iron,  Grooved 

4-1 

8 

.91 

.38 

4,000 

1,519 

■4 

II. S 

150 

1,200 

.019 

.032 

4-2 

8 

■92 

.38 

6,000 

1,041 

•  3 

9.5 

ISO 

7SO 

•013 

.026 

4-3 

8 

.92 

.38 

8,000 

1,213 

■3 

95 

150 

900 

.023 

•045 

4-4 

8 

.90 

.38 

9,000 

1,994 

1-3 

13-6 

ISO 

1,650 

.038 

.070 

4-5 

8 

.92 

.38 

10,000 

1,683 

•S 

9-5 

300 

1,200 

.038 

■OS  4 

5-1 

8 

■93 

4,000 

1,660 

■5 

7-7 

150 

1,350 

.007 

.021 

5-2 

8 

•95 

6,000 

2,201 

•4 

34 

150 

1,800 

.012 

.027 

5-3 

8 

■94 

8,000 

2,638 

.4 

5^4 

300 

2,000 

.03 

•043 

5-4 

8 

■93 

9,000 

1,717 

•9 

1-1 

ISO 

1,200 

.025 

•045 

5-5 

8 

.87 

10,000 

1,367 

■9 

1.9 

150 

900 

.03 

•05s 

Note. — The  elongations  given  for  the  points  A  and  B  are  those  recorded  by  the 
machine  and  not  the  actual  elongations. 

seen  that  the  percentage  of  contraction  of  area  was  greater  for  the 
threaded  bolts  than  for  those  that  were  not  threaded  and  greater 
for  the  unthreaded  hollow  than  for  the  solid.  The  per  cent,  of 
elongation,  of  the  original  length,  is  seen  to  \a.v\  in  about  the  same 
way.     It  should  be  remarked  here,  that  the  threaded  specimens 
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required  constant  rcclamping  in  order  to  preserve  the  original 
length,  on  account  of  the  continued  crushing  of  the  tops  of  the 
threads.  There  was  no  slipping  of  the  bolt  in  the  clamp.  Com- 
paring the  last  two  series  of  tests,  4  and  5,  it  is  seen  that  the  solid 
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Fig.  5. 

bolts  required  the  greatest  number  of  vibrations  to  rupture  them; 
that  they  contracted  less  and  elongated  less.  Fig.  5  shows  graphic- 
ally the  increase  in  the  number  of  vibrations,  to  rupture,  as  the 
length  increased.  It  should  be  observed  that  the  outer  fibers  of 
the  bolts  at  the  lower  edge  of  the  clamps  were  overstrained  when 
the  tests  were  started,  due  to  the  great  eccentricity  under  which 
the  tests  were  made.     Assuming  a  modulus  of  elasticity  of  28,000,- 
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000  the  fiber  stress,  due  to  flexure  alone,  is  found  to  be  in  every 
case  greater  than  70,000  pounds  per  square  inch.  The  actual  fiber 
stress  would  be  much  less  than  this  since  the  formula  does  not  hold 
true  beyond  the  elastic  limit. 
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Fig.   7. 


Figs.  6  and  7  show  the  relation  between  the  elongation, 
measured  by  the  machine,  and  the  number  of  revolutions.  These 
are  only  two  typical  curves  selected  from  the  total  number  taken. 
The  lower  line  in  each  case  represents  the  first  few  points,  drawn 
to  a  magnified  horizontal  scale.    All  curves  obtained  showed  a 
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rapid  elongation  at  first,  up  to  a  point  which  wc  may  call  A. 
Beyond  this  point  elongation  took  place  much  more  slowly  to  a 
point  B,  when  the  piece  elongated  very  fast  to  rupture.  These 
points  A  and  B  are  not  as  definitely  marked  in  Figs.  6  and  7  as 
they  are  in  the  other  cases  where  the  tensile  stresses  are  greater. 
This  first  elongation  is  greater  in  the  hollow  than  in  the  solid  bolts 
and  greater  for  increased  tensile  stress  for  both,  as  will  be  seen  by 
consulting  Table  I.  It  seems  reasonable  to  believe  that  this  first 
elongation  up  to  the  point  A,  takes  place  while  the  bolt  is  being 
stressed  beyond  its  yield  point.  After  being  overstrained  through- 
out its  cross-section,  it  elongates  less  rapidly  up  to  the  point  B, 
when  the  outer  fibers  have  reached  their  maximum  strength.  The 
bolts  then  elongate  rapidly  until  rupture  occurs. 

Conclusions. 

The  results  of  the  tests  show,  (i)  that  the  fibers  in  the  hollow 
iron  seem  to  be  more  firmly  united  than  in  the  case  of  the  solid  iron, 
as  shown  by  the  fractures;  (2)  that  increasing  the  length  of  the 
threaded  bolt  increases  the  number  of  vibrations  to  rupture,  even 
when  the  tensile  stresses  are  increased,  (3)  that  grooved  solid  stay- 
bolt  iron  requires  a  slightly  greater  number  of  vibrations  to  rupture 
it,  than  the  hollow,  and  that  it  contracts  less  and  elongates  less. 
(4)  That  the  material  shows  a  point  of  yielding  and  a  maximum 
point. 

In  closing,  the  writer  wishes  to  acknowledge  the  efficient  way 
in  which  ]Mr.  I.  W.  Scott  and  Mr.  C.  A.  Esslinger,  senior  students 
in  Mechanical  Engineering  at  Purdue  University,  assisted  in 
carr}'ing  out  the  tests  reported  in  this  paper. 


COMPRESSIVE  AND  TRANSVERSE  TESTS   OF  STEEL 
CONNECTING  RODS. 

By  Gaetano  Lanza. 

The  following  is  an  account  of  three  sets  of  tests  of  steel  con- 
necting rods  for  locomotives,  their  object  being  the  determination 
of  the  ultimate  compressive  strength  per  square  inch,  and  of  the 
modulus  of  rupture. 

Twenty  rods,  all  of  I  section,  were  furnished  by  the  Baldwin 
Locomotive  Works,  together  with  the  holders  needed  to  mount 
those  in  the  testing  machine,  that  were  to  be  tested  in  compression, 
with  the  usual  pin  ends  of  practice.  Fourteen  were  subjected  to 
direct  compression  and  six  to  a  transverse  load.  The  tests  were 
made  in  the  Laboratory  of  Applied  Mechanics  of  the  Massachusetts 
Institute  of  Technology,  under  the  direction  of  the  writer,  partly 
by  Mr.  R.  A.  Wentworth,  and  partly  by  Mr.  C.  A.  Merriam,  for 
their  graduating  theses. 

In  the  first  of  the  three  series,  eight  rods  were  tested  under 
direct  compression,  each  of  them  having  for  its  least  section 
approximately  seven  square  inches  and  for  its  greatest  section 
approximately  eight  square  inches. 

Their  ratios  of  length  (center  to  center)  to  least  radius  of 
gyration  were  respectively  100.5,  i09-4>  118.4,  125.0,  130.0,  134.8, 
139.7,  and  149.4,  their  lengths  from  center  to  center  in  inches  being 
respectively  89.38,  98.38,  107.38,  111.75,  116.25,  120.63,  125.13, 

and  I34-13- 

The  quality  of  the  metal  in  each  case  was  determined  from 
specimens  cut  from  pieces  forged  on  the  ends  of  the  rods  for  this 
purpose.  The  tensile  strength  of  the  steel  in  pounds  per  square 
inch,  as  thus  determined,  varied,  from  77,840  to  81,660,  while  its 
limit  of  elasticity,  ascertained  from  the  same  specimens,  varied 
from  37,730  to  49,440  pounds  per  square  inch. 

The  compressive  strength  per  square  inch  of  least  section 
obtained  from  the  tests  of  the  rods  varied  from  36,100  to  40,600 
pounds. 

(281) 
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In  the  second  scries  six  rods  were  tested  in  compression,  the 
ratio  of  length  to  radius  of  gyration  being,  in  all  cases,  approxi- 
mately 130.  They  were  so  designed  that  the  thickness  of  the 
flanges  was  ts"  of  an  inch,  while  the  width  of  the  flanges  was, 
in  the  first  five  4  inches,  and  in  the  last  4.25  inches.  The  thick- 
nesses of  web,  in  the  first  five,  were  respectively  tV  in.,  if  in.,  |  in., 
TS  in.,  and  |  in.,  and  in  the  last  ts  in.  The  tensile  strength  of  the 
steel,  in  pounds  per  square  inch,  varied  from  68,170  to  75,60c, 
while  the  elastic  limit  in  pounds  per  square  inch  varied  from  24,340 
to  32,390.     The  compressive  strength  per  square  inch  of  least 


Test  Piece 


-20— 


^ 


&■ 


Design  of  Rod. 


section  obtained  from  the  tests  of  the  rods,  varied  from  26,400  to 
32,390  pounds. 

In  the  third"  series  six  rods  were  subjected  to  transverse 
loads.  They  were  approximately  dupHcates  of  those  of  the  second 
series,  except  that,  instead  of  having  eye  ends  they  were  of  I 
section  throughout  their  lengths,  which  were,  in  each  case,  eight 
inches  greater  than  the  lengths  from  center  to  center  of  the  corres- 
ponding rods  of  the  second  series,  thus  allowing  them  to  extend 
four  inches  over  their  supports  at  each  end. 

The  tensile  strength  of  the  steel  in  pounds  per  square  inch 
varied  from  65,420  to  76,000,  while  the  elastic  limit  in  pounds  per 
square  inch  varied  from  25,750  to  32,190.  The  modulus  of  rup- 
ture obtained  from  the  transverse  tests  of  the  roads  varied  from 
41,210  to  49,990  pounds  per  square  inch. 
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The  following  tables  and  figures  give  the  essential  details 
of  the  rods,  and  a  summan-  of  the  results  of  the  tests. 


Actual  Dimensions  of  Rods. 
First  Series — Compression. 


Rod. 

Cross  Head  End. 

Crank  End. 

Length 
C.  to  C. 

a 

1 

b       ^       c 

d 

1      -' 

b' 

c' 

d' 

A 

89-375 

4-54 

0.79 

0.56 

3-50 

6.62 

0.80 

0.48 

3-50 

B 

98-375 

4 

54 

0-795 

0.54 

3-52 

6.63 

0.85 

0.49 

3 

51 

C 

107-375 

4 

58 

0.77 

0.44 

3-50 

6.60 

0.77 

0.45 

3 

51 

D 

III-75 

4 

55 

0.80 

0.56 

3-51 

6.64 

0.79 

0.54 

3 

52 

E 

116.25 

4 

52 

0.82    ,   0.57 

3-50 

6.53 

0.82 

0.57 

3 

51 

F 

120.625  . 

4 

54 

0.795     0.55 

3-51 

6.61 

0.79 

0.47 

3 

49 

G 

125-125 

4 

54 

078       0.53 

3-51 

6.63 

0.80 

0-53 

3 

51 

H 

134-125 

4-54 

0.815     0.54 

350 

6.61 

0.81 

0.52 

3-50 

Second  Scries — Compression. 


lb 

132.25 

5.18 

0.69 

•425 

4.01 

6.33 

0.69 

-425 

4.01 

2b 

133.00 

5-24 

0.70 

•415 

4.01 

6.41 

0.69 

.412 

4.01 

3b 

131-50 
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0.69 

■305 
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0.70 
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4.01 

4b 

13405 
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0.70 

•315 

4.02 

7.17 

0.70 

.310 

4.02 

5b 

136.85 

5-99 

0.70 

.265 

4.01    , 

,   7-17 

0.70 

-265 

4.01 

6b 

142.50 

"■- 

0.69 

.310 

4.26 

7-49 

0.70 

•315 

4.26 

Third  Scries — Transverse. 


la 
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5-09 

o.6q 
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0.69 

■450 

4.00 

2a 
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4a 
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5a 
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7.24 

o.6g 

.270 

4.00 

6a 

142.50 
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0.70 
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0.69 
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4.27 
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Discussion  of  the  Results. 

A  perusal  of  the  results  of  the  first  series  of  tests  shows  that, 
within  the  range  of  dimensions  of  the  rods  tested,  the  value  of 
the  ratio  of  length  to  least  radius  of  gyration  has  no  apparent 
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inlluence  upon  the  ultimate 
compressive  strength  per 
square  inch,  and  hence  that, 
for  any  given  quahty  of  steel, 
the  same  value  can  be  used 
for  the  ultimate  compressive 
strength  for  any  of  the  ratios 
included  in  the  series. 

The  rods  of  the  second 
and  of  the  third  series  were 
made  of  steel  having  a  lower 
tensile  strength  and  a  lower 
tensile  elastic  hmit  than  the 
steel  used  in  the  first  series, 
and  the  results  show  lower 
values  for  the  ultimate  com- 
pressive strength  of  the  rods. 
As  no  transverse  tests  were 
made  upon  rods  constructed 
of  the  steel  used  in  the  first 
series,  no  comparison  can  be 
made  of  the  moduh  of  rupture 
corresponding  to  the  different 
kinds  of  steel. 

The  table  on  the  next 
page  gives  a  comparison  of  the 
ultimate  compressive  strength 
of  the  rods  with  the  tensile 
elastic  hmit,  and  with  the  uhi- 
mate  tensile  strength  of  the 
steel  used,  and  it  appears 
that  the  ultimate  compressive 
strength  in  the  case  of  the 
lower  steels  is  generally  some- 
what greater  than  the  tensile 
elastic  Hmit,  while  ^^'ith  the 
higher  steels,  it  is  generally 
somewhat  less,  but  that  higher 
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tensile  strength  and  elastic  limit  are  generally  accompanied  by 
higher  compressive  strength. 

No  tests  were  made  of  the  steel  under  alternate  stress,  but 


Distinguishing  mark. 


Tensile  elastic  j   Compressive 


limit  of  Steel. 
Lbs.  per  sq.  in. 


strength  of  rod. 
Lbs.  persq.  in. 


Ratio  of 

compressive 

strength  to 

tensile  elastic 

limit. 


2b 
4b 
lb 
6b 
3b 
5b 

A. 

H 

G. 

C. 

B  , 

E. 

D. 

F. 


24,340 
25,720 
26,310 
26,750 
27-380 
30,500 

37.730 
39-470 
39.590 
43.900 
45-650 
45,820 
47.560 
49.440 


26,420 
26,400 
29,410 
28,750 
3 1, 600 
32,390 

38,700 
37,400 
38,000 
39-300 
40,600 
39.300 
36,100 
39.300 


1.09 
1.03 
1. 12 
1.08 

1.06 

1-03 
0-95 
0.96 
0.90 
0.89 
0.86 
0.76 
0.80 


Distinguishing  mark. 


4b 
lb 

2  b 

3b 
5b 
6b 

C  . 
H 
B. 
E  , 
D 
G. 
A. 
F  . 


Ultimate 
tensile  strength 

of  Steel. 
Lbs.  persq.  in 


68,170 
69,290 
72,140 
72,500 
74,740 
75,600 

77-840 
78,650 
78,830 
79-250 
79,270 
79,690 
80,280 
81,660 


Compressive 
strength  of  rod. 
Lbs.  per  sq.  in. 


26,400 
29,410 
26,420 
31,600 
32,390 
28,750 

39,300 
37,400 
40,600 
39,300 
36,100 
38,000 
38,700 
39,300 


Ratio  of 

compressive 

strength  to 

tensile 

strength. 


0-39 

0.42 

0.37 
0.44 
0.43 
0.38 

0-51 
0.42 

0-51 
0.50 
0.46 
0.48 
0.48 
0.48 


it  is  reasonable  to  suppose  that  the  steel  used  in  the  first  series 
would  have  shown  higher  results  in  such  a  set  of  tests  than  would 
h»vt  been  obtained  with  the  steel  used  in  the  second  series. 


TENSION  TESTS  OF  STEEL  ANGLES  WITH  VARIOUS 
TYPES  OF  END-CONNECTIONS. 

By  Frank  P.  McKibben. 

The  tests  which  form  the  subject  of  this  paper  were  made 
upon  thirty-three  steel  angles  such  as  are  used  for  tension  members 
in  riveted  framed  structures.  They  are  a  continuation  of  a  series 
made  at  the  Massachusetts  Institute  of  Technolog}'  in  1906  and 
described  in  Volume  VI,  p.  267,  of  the  Proceedings  of  the  Society. 
This  series  of  tests  (begun  last  year  and  not  yet  completed)  has 
been  undertaken  with  a  view  of  studying  the  following  points: 

1.  The  ultimate  strength  of  the  angles  in  tension. 

2.  The  value  of  a  lug  in  transmitting  stress  from  the  out- 
standing leg  of  the  main  angle  into  the  hitch  plate. 

3.  The  relative  strength  of  angles  where  the  gauge  hne  for 
rivets  and  where  the  center  of  gravity  line,  respectively,  pass 
through  the  center  of  the  pull. 

4.  The  effect  of  the  position  of  the  rivets  connecting  the 
main  angles  to  the  hitch  plates. 

5.  The  relative  strength  of  single  angles  and  angles  riveted 
together  to  form  pairs. 

6.  The  effect,  upon  the  strength  of  the  specimen,  of  the 
different  methods  of  holding  the  specimen  in  the  testing  machine. 

In  the  series  tested  this  year  there  are  three  specimens  of  each 
of  ten  different  t^-pes,  also  three  specimens  which  differ  from 
one  another,  and  from  one  of  the  ten  types  only  slightly.  This 
makes  thirty-three  angles  in  all.  These  are  shoMTi  in  detail  in 
Figure  i.*  Each  of  the  main  angles,  5  ft.  4  in.  in  length,  is  riveted 
at  each  end  to  a  hitch  plate. 

The  description  of  the  different  t\"pes  tested  is  as  follows: 
T\T3e  A3.     One  3^  in.  x  3  in.  x  f  in.  angle,  connected  at  each 
end  by  six  rivets,  three  in  each  leg;  \^'ith  lugs  and  with  the  gauge 
line  passing  through  the  center  of  pull. 


*  Acknowledgment    is    made  to  the  Engineering  News  for  the  cuts 
used  in  this  paper. 
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Fig.   I. — Test  Specimens  Used  in  1907  Tension  Tests  of  Steel  Angles. 


Note:  Three  specimens  of  each  type  were  tested,  except  Bg,  B. 
and  Bg,  which  were  represented  by  only  one  specimen  each.  Angles  and 
plates  were  of  medium  steel.  Manufacturers'  Standard.  All  angles  of  a 
given  size  were  cut  from  one  long  angle.  All  rivets  were  of  rivet  steel, 
|— in.  diameter,  holes  punched  rl-in.  Pin-holes  were  drilled  to  2— in. 
diameter.     (See  following  page  for  cut  la.) 
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Tj-pe  A4  same  as  A3,  except 
with  center  of  gravity  line,  in  plan, 
passing  through  center  of  pull. 

T}'pe  A5  same  as  A^,  but  with 
thicker  lug  angles. 

T}TDe  B^  similar  to  A^,  but 
with  4  in.  X  3  in.  x  f  in.  main 
angles. 

Type  B5  similar  to  B^,  but  with 
center  of  pull  passing,  in  plan,  f  in. 
from  back  of  vertical  leg. 

T}^es  Bg,  B-,  Bg  same  as  B^, 
but  with  staggers  between  the  two 
inner  rivets  decreasing  successively 
by  one  quarter  of  an  inch. 

Type  C3.  One  6  in.  x  4  in.  x 
f  in.  angle  connected  to  each  hitch 
plate  by  nine  rivets  staggered  in  two 
rows  in  the  6  in.  leg,  but  with  both 
inner  rivets  on  the  gauge  line  near- 
est the  back  of  the  angle.  Center 
of  gravity  line  passes  through  center  of  pull. 

T}T3e  C4  same  as  C3,  except  that  the  two  inner  rivets  are  on 
alternate,  instead  of  on  the  same  gauge  line. 

TA-pe  C5  similar  to  C^,  but  with  lugs;  six  rivets  in  6  in.  leg 
and  three  rivets  in  4  in.  leg  at  each  plate. 

Tj-pe  D3.  Two  3  in.  X  3  in.  x  |  in.  angles,  one  on  each  side 
of  the  hitch  plate  and  connected,  without  lugs,  to  each  plate  by 
six  rivets  all  in  one  row.  The  center  of  gravity  line  passes  through 
center  of  pull. 

T^-pe  D^  similar  to  D3,  but  with  lugs;  each  main  angle  is 
connected  at  either  end  with  3  rivets  in  each  leg. 

Improvements  upon  the  t^-pes  of  connections  used  in  the 
1906  series-  of  tests  were  attempted  in  the  following  ways:  (i) 
By  increasing  the  stagger  between  the  two  inner  rivets,  in  cases 
where  there  were  rivets  in  both  legs  of  the  angle,  until  the  minimum 
net  zigzag  area  of  the  angle  through  two  rivets  was  at  least  equal 
to  the  net  right  section.  (2)  By  placing  the  two  inner  rivets  on 
the  inner  gauge  Une  in  specimens  having  two  rows  of  rivets  in 
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the  leg  connecting  with  the  hitch  plate.  (3)  By  api)lying  the  pull 
to  the  specimen  through  the  center  of  gravity  line  of  the  angle  in 
plan.     (4)  By  using  thicker  lug  angles. 

The  connections  of  the  angles  to  the  hitch  plates  were  so 
designed  as  to  insure  failure  in  the  angles  rather  than  in  the 
rivets  or  connecting  plates.  The  hitch  plate  at  each  end  of  each 
specimen  was  provided  with  two  2  inch  holes,  by  means  of  which 
it  was  pinned  between  two  holding  plates  which  in  turn  were  con- 
nected by  a  single  pin  to  a  third  plate  gripped  by  the  testing  ma- 
chine. A  drawing  of  this  holding  device  may  be  found  in  Volume 
IV  and  need  not  be  reproduced  here.  It  should  be  borne  in  mind 
that  the  holding  device  is  a  flexible  joint,  and  is  not  the  rigid  con- 
nection more  commonly  found  in  structures  in  which  angles  are 
used  as  tension  members.  The  method  of  holding  the  ends  has 
an  important  bearing  on  the  strength  of  the  angles,  and  the  pres- 
ence of  this  flexible  joint  should  not  be  lost  sight  of  in  studying 
the  results  of  the  tests  thus  far  made.  The  writer  hopes  to  make 
further  tests  in  which  a  rigid  connection  is  to  be  used. 

Table  I  gives  the  results  of  the  physical  tests  of  small  tensile 
test  bars  which  were  cut  from  the  long  angles  out  of  which  were 
taken  the  main  angles  of  the  specimens  tested  this  year.  In  most 
cases  three  such  test  bars  were  taken  from  each  long  angle  but  in 
two  cases  only  two  bars  were  secured  from  each  long  angle.  On 
all  of  these  test  pieces  the  yield  point  was  determined  by  the  drop 
of  the  beam  and  also  by  measurement  with  dividers. 

In  Figure  2  are  shown  diagrammatically  the  outlines  of  the 
fractures,  all  of  which  occurred  in  the  main  angles.  The  numbers 
on  the  sketches  indicate  the  sequence  of  the  ruptures.  With  the 
exception  of  specimen  number  57,  made  of  two  3  in.  x  3  in.  x  fV  in. 
angles,  failure  occurred  at  one  of  the  inner  rivets  which  connects 
the  main  angle  to  the  hitch  plate,  that  is,  the  connecting  rivet 
which  lies  nearest  to  the  center  of  the  specimen.  In  the  case  of 
specimen  number  57  one  of  the  angles  failed  at  the  inner  connect- 
ing rivet  but  the  other  angle  failed  at  the  first  tack  rivet  8  in.  from 
the  inner  rivet.  In  every  case  the  fracture  started  at  a  rivet.  In 
the  majority  of  cases  of  specimens  having  lugs,  failure  occurred 
on  a  zigzag  section  passing  through  rivets  in  the  horizontal  and 
in  the  vertical  legs.  This  was  the  case  even  though  the  minimum 
net  zigzag  section  was  slightly  larger  than  the  net  right  section, 
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as  for  example,  specimens  31,  32,  33.  In  some  of  the  specimens 
having  the  two  net  sections  just  mentioned  nearly  equal,  for  in- 
stance numbers  35  and  37,  the  fracture  really  occurred  on  the  zig- 
zag section  but  it  also  started  on  the  right  section.     Failure  oc- 

TABLE  I. — Physical  Properties  of  Small  Test  Bars  Cut 
FROM  Steel  Angles.     Series  of  1907. 


No. 


Mark. 


Original 
area. 


Per  sq.  in.     Lbs. 


Yield  point. 


Ultimate 
strength. 


Elonga-      Reduc- 
tion     '      tion 
percent,     of  area, 
in  8  in.   I  Per  cent. 


3 

Mean 

4 

5 

6 

Mean 


9 
Mean 

10 

II 

12 

Mean 

13 
14 

15 
Mean 

16 

17 
Mean 


19 
Mean 


AA3,  AA4. 


AA  = 


BB4,  BB5,  BB7. 


BB6,  BBS. 


CC3,  CC4,  CC5.. 


DD3. 


DD4. 


558 
555 
558 
557 

554 
552 
557 
554 

567 
568 

569 
568 

565 
564 
559 
563 

573 
573 
57° 
572 

463 
467 
465 

455 
460 

458 


35.500 
35-500 
35.300 
35.400 

36,100 
34,700 
34,700 
35,200 


34,300 
35,100 
34,800 

35.400 
33.700 
36,900 
35.300 

36,900 
37,600 
38,400 
37,600 

39,000 
38,900 
39,000 

38,400 
39,100 
38,800 


57.900 
57.800 
57,600 
57.800 

56,500 
56,600 
56,500 
56,500 

53,500 
53.400 
54,000 
53,600 

59.500 
60,000 
59.900 
59.800 

59,800 
59.300 
59,600 
59,600 

60,200 
59,600 
59,900 

58,800 
58,800 
58,800 


29.1 
28.6 
28.6 
28.8 

29.6 
29.0 
28.9 
29.2 

29.2 
31-9 
30.9 
30.7 

27.0 
28.0 
27.4 
27-5 

31-3 
27.1 
27.9 
28.8 

25-9 
26.8 
26.4 

30.3 
28.5 
29.4 


curred  on  the  right  section  in  some  cases.  In  many  specimens 
the  angle  failed  by  shearing  on  the  diagonal  section  between  the 
inner  rivets  in  the  horizontal  and  in  the  vertical  legs  after  the 
metal  between  these  rivets  and  the  outer  edges  of  the  legs  had  been 
broken.  The  fractures  were  all  silky.  In  specimen  No.  50  a 
slight  flaw  was  detected  after  failure  at  the  inner  rivet  in  the  leg 
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attached  lo  the  plate.     The  specimens  made  of  two  angles  failed 
more  suddenly  than  those  made  of  one. 

Table  II  is  a  summarj'  of  the  tests  of  the  specimens;  numbers 
I  to  27  inclusive  being  those  tested  in  1906  and  previously  pub- 
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Fig.  2. — Sketches    of   Fractures    of    Steel  Angles 
Having  Various  Types  of  End  Connection. 

Note:  Small  figures  at  fractures  denote  origin 
and  progress  of  rupture.  The  lower  portion  of 
each  sketch  represents  the  leg  connected  to  the 
hitch-plate. 

hshed,  and  numbers  28  to  60  inclusive  are  those  tested  this  year. 
The  figures  in  the  columns  headed  "  Per  cent,  of  Ultimate  Strength 
Developed"  are  obtained  by  dividing  the  strength  per  square  inch 
in  the  specimen  by  the  ultimate  strength  per  square  inch  of  the 
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small  test  bars  and  multiplying  by  100  Lo  reduce  to  a  percentage 
basis.  Net  areas  have  been  computed  under  the  assumption  that 
the  holes  are  tI  in.  in  diameter  and  again  that  they  are  i  in.  in 


Fig.  3. — Three  Typical  Fractures. 

diameter.  The  least  zigzag  sections  have  been  computed  by 
assuming  the  angles  to  be  developed  about  the  comers  and  taking 
the  net  areas  on  a  section  passing  from  the  edges  of  the  legs  to  the 
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centers  of  the  inner  rivet  holes,  then  diagonally  between  centers 
of  rivets.  In  the  results  published  last  year  the  net  areas  given 
were  not  the  least  zigzag  areas,  but  were  those  computed  on  sections 
which  approximated  the  fractured  sections.  In  the  Table  II  last 
year's  tests  have  been  revised  so  that  the  net  zigzag  area's  shown 
are  the  least  that  can  be  obtained  for  those  tests. 

In  studying  the  results  of  these  tests  it  should  be  remembered 
that  the  ends  of  the  specimens  are  not  held  rigidly  in  the  testing 
machine  and  that  there  arc  a  comparatively  small  number  of 
angles  of  any  one  kind.  However,  the  results,  so  far  as  they  go, 
should  be  studied  with  a  view  of  determining  the  most  efficient  con- 
nection. The  efTiciency  of  a  specimen  may  be  based  upon  its  gross 
area  or  upon  its  minimum  net  area.  This  latter  area  may  be 
either  that  of  a  right  section  or  that  of  a  zigzag  section.  On  the 
whole  it  seems  most  reasonable  to  base  the  efficiency  on  the  gross 
area  of  the  angle  so  that  if  we  have  a  series  of  angles  of  the  same 
size,  gross  cross-section  and  quality,  but  with  different  end  con- 
nections, that  connection  is  the  most  efficient  which  will  allow  the 
angle  to  carry  the  maximum  load.  Basing  our  study  therefore  on 
the  stress  per  square  inch  of  gross  area  of  the  angles,  and  consider- 
ing all  of  the  angles  of  a  given  size,  the  tests  seem  to  show  that  for 
the  3I  in.  x  3  in.  x  |  in.  angles  the  greatest  efficiency,  76.4  per  cent, 
occurs  with  those  angles,  with  lugs  having  the  pull  passing  through 
the  center  of  gravity  of  the  angle  in  plan.  Inasmuch  as  the  efficien- 
cies of  the  specimens  A3,  A^  and  A5  are  about  the  same,  and  are 
much  greater  than  those  of  A^  and  A^  tested  last  year,  it  appears 
that  this  gain  in  efficiency  is  due  largely  to  the  increased  stagger 
of  the  inner  rivets  in  the  two  legs  of  the  angles.  The  importance 
of  this  stagger  is  seen  by  comparing  A3  and  A^.  Of  the  specimen 
A3,  A4  and  A-  the  last  two,  both  of  which  have  the  center  of  pull 
coinciding  with  the  center  of  gravity  instead  of  with  the  gauge  line, 
show  the  greatest  efficiency. 

For  the  4  in.  x  3  in.  x  f  in.  angles  the  greatest  efficiency  is 
obtained  from  B^  and  B^,  which  make  a  much  better  showing  than 
the  angles  of  the  same  size  tested  last  year.  The  advantage  of 
having  the  large  stagger  between  the  inner  rivets  of  the  two  legs 
will  be  noticed  by  comparing  an  efficiency  of  77.4  per  cent,  for 
B^  with  an  average  of  73.4  per  cent,  for  B„,  B.  and  B^.  In  B^ 
the  average  net  right  section  is  less  than  the  average  net  zigzag 
section  while  for  B^,  B^  and  Bg  the  reverse  is  true. 
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For  the  6  in.  x  4  in.  x  f  in.  angles  the  greatest  efficiency  for 
this  year's  tests  is  sho\\'n  for  C3  which  has  no  lugs,  has  the  first 
two  rivets  on  the  same  gauge  line  and  the  line  of  pull  through 
the  center  of  gravity  of  the  specimen.  However,  a  slightly  better 
showing  was  made  by  C,  of  last  year's  series.  C^  had  lugs  and 
had  the  center  of  pull  passing  through  the  inner  gauge  line  of  the 
main  angle. 

Of  the  specimens  composed  of  two  3  in.  x  3  in.  x  j^  in.  angles 
the  greatest  efficiency  is  sho\Mi  by  this  year's  tests  with  68.9  per 
cent,  for  D3,  which  has  no  lugs  and  which  has  the  center  of  pull 
passing  through  the  center  of  gravity  of  the  angles. 

Acknowledgment  of  obligations  is  hereby  made  to  Messrs. 
Arthur  L.  Davis  and  S.  P.  Waldron  of  the  American  Bridge  Com- 
pany for  the  specimens  tested,  to  Messrs.  A.  F.  Holmes,  instructor, 
and  H.  B.  Hastings  and  F.  W.  Morrill,  students,  at  the  Massa- 
chusetts Institute  of  Technolog}',  for  attending  to  the  work  in  the 
laboratory. 


IRON  CASTINGS:  SOME  CAUSES  OF  FAILURE  IN 
SERVICE. 

By  Robert  Job. 

Every  manufacturer  and  user  of  iron  castings  from  time  to 
time  meets  difficulty  owing  to  defects  in  the  iron,  and  in  order  to 
reduce  fractures,  discards,  and  unsatisfactory  service  to  the 
minimum,  it  is  of  great  importance  to  know  definitely  the  cause 
of  the  defects  in  order  to  apply  the  proper  remedy.  In  the  course 
of  every-day  practice  for  many  years,  the  writer  has  been  inter- 
ested in  making  a  careful  study  of  these  matters  as  an  aid  in 
working  out  the  most  economical  methods  of  manufacture  and  in 
securing  the  greatest  efficiency  in  the  output,  and  it  may  be  of 
interest  to  give  some  details  which  have  been  observed  from  time 
to  time. 

In  many  foundries  to-day,  as  was  the  case  in  one  which  first 
came  under  our  attention  fifteen  years  ago,  the  practice  is  to 
purchase  a  number  of  dift'erent  grades  of  iron,  not  by  analysis, 
merely  by  brand, — and  to  mix  these  in  the  cupola,  with  the  object 
of  obtaining  special  virtue  from  the  combined  properties  of  the 
metals.  The  underlying  reason  for  this  plan  is  simply  that  one 
brand  runs  high  in  silicon  while  another  contains  an  excess  of 
manganese,  and  still  another  is  high  in  phosphorus  making  the 
iron  very  fluid,  and  very  weak.  The  inherent  defects  of  this 
method  of  mixing  are  well  knowm  to  every  foundr}'men,  for  difficulty 
is  found  in  keeping  up  shipments  of  each  of  the  different  brands, 
and  even  when  they  are  in  stock,  it  is  by  no  means  an  easy  matter 
to  get  a  correct  mixture  in  the  cupola  even  under  the  most  favor- 
able conditions.  In  consequence  the  foundryman  is  troubled  by 
irregular  quality  of  castings,  and  it  is  difficult  to  maintain  proper 
control  of  the  output,  simply  because  there  is  great  difference 
in  the  composition  of  the  iron  from  day  to  day  and  even  in  different 
parts  of  the  heat,  when  the  intention  has  been  to  make  a  uniform 
grade  of  castings.  Part  of  this  variation  is  due  to  the  differences 
in  the  composition  of  different  lots  of  a  given  brand  of  iron.  For 
example,  we  have  kno^\^^  of  different  shipments  of  one  brand 
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which  have  ranged  from  0.8  per  cent,  to  1.5  per  cent,  of  phos- 
phorus, while  another  showed  an  equal  range  in  its  manganese 
contents,  and  still  another  has  varied  from  2  to  5  per  cent,  in  silicon. 
Under  such  conditions  it  is  obviously  out  of  the  question  to  expect 
uniform  results  in  the  product,  for  at  one  time  the  iron  is  strong 
and  tough,  while  soon  afterward  it  is  weak  or  brittle,  or  is  full  of 
blow-holes  and  porous,  and  the  foreman  who  under  the  best  of 
conditions  is  none  too  free  from  troubles,  finds  himself  in  serious 
difficulty. 

In  order  to  secure  uniformly  good  results  it  is  obviously  essen- 
tial at  the  start  to  have  in  the  finished  casting  a  composition 
which  will  give  the  properties  needed  in  service,  and  also  adapted 
to  the  conditions  of  casting.  Many  service  failures  in  the  writer's 
experience  have  been  caused  directly  by  this  neglect  to  obtain 
a  uniform  composition  suited  to  the  service.  We  remember  parti- 
cularly instances  in  which  locomotive  cylinders  and  wheel  centers 
failed  within  a  short  time,  and  on  investigation  it  was  found 
that  the  proportion  of  phosphorus  averaged  nearly  one  per  cent, 
while  the  siHcon  was  over  two  and  one-half  per  cent.  As  a  con- 
sequence, the  iron  was  so  weak  that  Uttle  tenacity  under  impact 
could  have  been  expected,  although  the  price  paid  for  this  grade 
was  considerably  higher  than  the  market  rate  for  quahty  far  better 
adapted  to  the  service. 

In  order  to  put  a  stop  to  these  conditions  under  our  o^^^l 
practice,  a  careful  study  was  made  to  determine  both  the  com- 
position and  physical  condition  and  structure  which  gave  the  best 
service  under  different  classes  of  requirements,  and  to  determine 
the  means  necessary  to  secure  this  quality  in  the  output.  In 
many  cases  of  failure  we  found  that  the  difficulty  was  due  wholly, 
or  in  large  part,  to  the  presence  of  blowholes  or  to  porosity  or 
sponginess  of  the  iron,  and  at  times  to  the  presence  of  considerable 
proportions  of  oxide  of  iron  and  cinder  in  the  iron.  Any  of  the 
latter  conditions,  of  course,  were  direct  indications  of  defective 
foundry  practice  and  where  they  existed,  defective  composition 
was  also   often  present. 

In  the  daily  routine  of  our  foundry,  general  locomotive  cast- 
ings were  made  ranging  all  the  way  in  size  from  locomotive  cylin- 
ders and  wheel  centers  to  small  castings  about  one  quarter  inch 
thick,  and  most  of  the  castings  required  machining  in  some  part. 
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In  view  of  this  wide  variation  in  size  and  conditions  of  service,  some 
doubt  was  felt  whether  a  single  grade  of  pig  iron  would  meet  the 
requirements.  At  the  outset,  however,  we  drew  up  specifications 
for  a  strong  medium  iron  and  upon  receipt  of  each  shipment 
sampled  and  tested  each  carload  before  acceptance,  to  be  certain 
that  it  was  of  the  desired  quality.  The  same  practice  was  also 
adopted  with  reference  to  our  coke  supply,  and  the  proportion  of 
ash  and  of  sulphur  were  held  d()^\^l  to  reasonable  amounts.  At 
the  same  time  methods  of  treatment  of  the  iron  in  the  lidle  and  in 
the  cupola  were  introduced  to  decrease  hardness  and  to  remove 
oxide  of  iron  and  blowholes,  and  to  incease  the  fluidity  and  density 
of  the  iron.  As  a  result  of  these  changes  excellent  results  were 
obtained  from  the  very  start.  The  single  grade  of  iron  with 
the  careful  control  of  the  quality,  gave  a  degree  of  uniformity 
which  had  never  before  been  possible,  and  by  means  of  systematic 
treatment  the  properties  of  the  iron  could  be  varied  as  far  as  was 
df  sirable  for  the  different  purposes. 

In  the  machine  shops  the  change  had  an  immediate  effect, 
for  hard  castings,  "porous  iron"  and  blowholes  almost  entirely 
disappeared.  Within  a  few  months  breakages  in  service  had  fallen 
off  to  a  very  marked  extent  owing  to  the  toughening  of  the  iron, 
and  at  the  end  of  a  year  the  scrap  coming  in  was  insufficient  for 
the  needs  of  the  foundry.  In  order  to  better  keep  track  of  the 
service,  we  stamped  each  wheel  center  as  it  was  cast,  with  the 
date,  and  after  a  lapse  of  three  years  not  a  single  one  had 
been  broken  in  service, — a  most  marked  contrast  from  the  former 
conditions. 

In  the  course  of  our  routine  work  we  found  comparatively 
little  difficulty  in  maintaining  the  desired  quahty  in  the  ship- 
ments of  the  pig  iron  and  the  coke,  though  we  soon  learned  that  the 
systematic  test  of  each  carload  of  the  raw  materials  was  essential 
to  ensure  proper  quality  of  the  product,  for  at  one  time  a  carload 
of  weak  iron  would  be  kept  from  service,  and  at  another  time  iron 
which  would  have  produced  hard  and  brittle  castings.  Still  again, 
coke  would  not  be  accepted  which  proved  to  be  deficient  in  heating 
value  or  was  of  such  quahty  that  hard  castings  would  have  resulted. 
By  means  of  the  method  of  purchase  under  specifications  the  cost 
of  the  pig  iron  was  decreased,  and  in  the  foundry  the  proportion  of 
discards  was  cut  down  owing  to  the  fluidity  of  the  iron  resulting 
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from  the  cleansing  of  the  metal  from  oxides  and  slag,  and  to  the 
increased  strength  and  toughness  of  the  product. 

From  what  has  been  said  it  will  be  evident  that  there  is  a 
definite  cause  for  each  of  the  defects  which  commonly  cause  dif- 
ficulty in  service  or  in  the  foundrv%  and  it  will  be  seen  that  these 
may  be  very  largely  removed  by  means  of  systematic  control. 


DISCUSSION. 


Mr.  Forsyth.  Mr.  William  Forsyth. — I  would  like  to  ask  the  author  if 

he  would  do  away  entirely  with  scrap  in  his  locomotive  practice,  in 
making  locomotive  castings.  There  is  a  large  surplus  of  scrap 
which  is  ordinarily  used  in  the  foundry,  and  as  I  understand  the 
author  he  would  use  pig  iron  entirely. 

Mr.  Job.  Mr.  Robert  Job. — In  our  mixtures  the  practice  was  to  use 

fifty  per  cent,  scrap. 

Mr.  Forsyth.  Mr.  Forsyth. — Under  that  condition  I  don't  see  how  he 

could  control  the  quality. 

Mr.  Job.  Mr.  Job. — We  realized  that  the  composition  of  scrap  was 

liable  to  very  wide  variations  indeed;  and  consec^uently  took  the 
very  worst  limits  which  we  found  in  actual  practice  and  figured 
from  that ;  so  arranging  the  limits  in  the  specifications  for  pig  iron, 
that  under  even  the  most  unfa^•orable  conditions  as  to  scrap,  the 
cjuality  of  the  product  was  well  adapted  to  the  service  requirements. 

Mr.  Moidenke.  Mr.  Richard  Moldenke. — I  should  like  to  call  attention  to 

one  point  in  the  paper  just  read.  I  am  glad  to  see  that  the  author 
recognizes  the  oxide  of  iron  as  one  of  the  impurities  of  cast  iron. 
In  the  course  of  my  experience  I  have  run  across  many  difficulties 
which  could  not  be  charged  to  the  regulation  causes,  and  which 
on  elimination  of  every  ordinary  factor,  left  the  presence  of  the 
dissolved  oxide  as  the  only  probable  cause  of  the  particular  trouble. 
Thus  with  the  composition  correct;  silicon  and  phosphorus  as 
well  as  sulphur  normal;  with  the  coke  of  good  quality  and  com- 
position, yet  castings  would  sometimes  result  which  had  blow  holes 
under  the  skin  which  could  only  be  attributed  to  an  occluded  gas 
coming  out  at  the  moment  of  set.  Now  for  the  solution  of  the 
difficulty. 

I  always  felt  a  little  disinclined  to  use  high  manganese  in  the 
pig-iron,  because  the  burning  out  of  manganese  was  just  so  much 
unnecessary  loss.  But  now  that  so  much  steel  scrap  is  used  in 
foundry  practice,  it  is  different.  The  fact  that  high  percentages 
of  steel  go  in  the  mixture,  sometimes  as  high  as  40  per  cent., 
means  that  the  iron  that  comes  out  in  the  ladle  is  very  low  in  total 
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carbon  and  consequently  its  melting  point  is  very  high;  or  nearer  Mr.  Moidenke. 

the  point  of  steel  practice,  in  which  ferro- manganese  is  the  great 

purifier.     I  have  seen  cases  where  4  per  cent,  of  ferro-manganese 

was  added  in  the  ladle,  where  40  per  cent,  of  steel  scrap  was  used 

in  the  cupola,  and  3  per  cent,  of  the  manganese  disappeared  and 

left  I  per  cent,  in  the  casting  and  this  very  free  from  holes.   So  that 

the  question  of  oxidation  has  become  now  better  recognized  than 

formerly,  and  I  think  the  tendency  to-day  is,  instead  of  using  all 

the  ferro-manganese  in  the  ladle,  that  some  of  the  manganese  is 

introduced  in  the  pig-iron,  when  oxidation  troubles  are  exhibited. 


THE  HISTORY  AND  DEVELOPMENT  OF  THE  ALLOY 

PRACTICE  IN  THE  UNITED  STATES  AS  APPLIED 

TO  RAILWAY  BEARINGS. 

By  G.  H.  Clamer. 

In  the  earliest  days  of  railroading,  the  alloys  used  for  bearings 
were  those  which  had  been  used  in  general  machine  construction ; 
the  favorite  alloy  seemed  to  be  copper  and  tin.  This  alloy  was 
adopted,  not  because  it  had  any  particular  merits  which  were 
proven,  but  because  it  had  given  satisfactory-  results  on  stationary 
engines,  etc.,  and  this  is  all  that  was  apparently  known  about  it. 
Besides  it  was  about  the  most  expensive  combination  of  the  com- 
mon metals  which  could  be  made,  and  this  was  sufficient  endorse- 
ment of  its  excellence.  Furthermore,  the  prevalent  idea  in  those 
days  was  to  make  an  alloy  as  hard  as  possible.  It  was  well  known 
that  tin,  when  added  to  copper,  hardened  it  greatly,  so,  naturally, 
as  much  tin  was  added  as  was  possible  without  making  the  alloy 
too  brittle.  Consequently,  bearings  were  made  with  tin  as  high  as 
four  parts  copper  to  one  part  tin,  or  80  per  cent,  copper  and  20  per 
cent,  tin  (in  reahty,  bell  metal),  and  from  this  on  down  to  nine 
parts  copper  to  one  part  tin,  or  90  per  cent,  copper  and  10  per  cent, 
tin.  Seven  parts  copper  and  one  part  tin  for  many  years  was  con- 
•  sidered  the  standard  of  excellence — that  is  87  J  per  cent,  copper  and 
12^  per  cent,  tin — and  is  still  specified  by  some  few  railroads, 
although  these  specifications  are  seldom  enforced,  as  the  mixture 
to-day  is  considered  entirely  too  expensive. 

In  those  days,  that  is  before  1870,  the  equipment  was  light, 
and  speeds  so  slow  that  almost  any  kind  of  bearings  would  answer 
the  purpose,  and  then,  again,  a  few  hot  boxes  en  route  were  expected, 
and  a  traveler  would  consider  himself  fortunate  should  he  reach  his 
destination  without  detention,  due  to  this  cause;  he  had  not  been 
spoiled  by  any  of  the  present  day  possibilities.  He  was  content  to 
take  dinner  in  Philadelphia,  and  breakfast  in  New  York;  the  idea 
of  dining  in  Philadelphia  and  breakfasting  in  Chicago  was  beyond 
his  wildest  dreams. 

(302) 


Clamer  on  the  History  of  the  Alloy  Practice.      303 

The  American  Master  Mechanics'  Association  was  formed  in 
the  6o's  the  object  of  this  association  being  to  bring  men  together 
who  are  working  in  the  mechanical  field  of  railroad  operation,  the 
prime  object  being  to  agree  on  standards  of  construction.  The 
American  Master  Alechanics'  Association  devotes  attention  more 
particularly  to  those  problems  which  have  a  bearing  upon  the 
motive  power  department.  The  Master  Car  Builders'  Association 
was  formed  somewhere  about  the  same  time  for  the  purpose  of 
standardizing  construction  of  car  equipment ;  the  methods  of  han- 
dling, manufacturing,  etc.  Neither  of  these  associations,  so  far  as 
I  know,  have  ever  considered  the  materials  of  construction,  their 
work  being  confined  to  the  mechanical  end  only,  i.  e.,  design,  shop 
practice,  etc. 

The  American  Society  for  Testing  Materials  has  for  its 
object  the  filling  of  this  gap,  /.  e.,  the  consideration  of  materials  of 
construction,  and  although  its  field  extends  beyond  the  railway 
field  yet  a  great  deal  of  its  work,  so  far,  has  been  confined  to  strictly 
railway  materials,  namely,  rails,  wheels,  axles,  etc.  There  still 
remain  a  number  of  materials  of  construction  which  have  as  yet  had 
no  consideration,  among  them,  bearing  metals. 

The  Railway  Master  Car  Builders'  Association  in  1872 
adopted  its  first  standard  design  of  bearing.  Before  that  time  no 
standard  whatever  was  recognized;  each  master  mechanic  or  car 
builder  had  his  own  idea  as  to  the  design  of  bearing,  and  conse- 
quently the  equipment  included  bearings  of  almost  every  conceiv- 
able design.  Naturally  no  interchange  was  possible,  in  fact,  the 
interchange  was  only  then  becoming  necessary  because  of  cars 
being  taken  from  one  road  to  another.  The  standard  size  then 
adopted  was  3!  x  7  inches.  This  was  the  largest  bearing  then  in 
service,  and  to  the  manufacturer,  who  previously  had  been  accus- 
tomed to  bearings  3  x  6,  2  J  x  5,'  etc.,  the  3I  x  7  appealed  as  a  huge 
bearing.  The  sizes  of  the  standard  axle  and  journal  have  been 
increased  from  time  to  time  to  meet  the  demand  for  heavier  equip- 
ment, and  this  has  necessitated  larger  journal  brasses.  The  Mas- 
ter Car  Builders'  Association  have  adopted  a  standard  brass  for 
each  size  axle,  differing,  however,  only  slightly  from  the  original 
design.  Fully  95  per  cent,  of  the  cars  being  built  to-day  are  equip- 
ped with  bearings  of  Master  Car  Builders'  standard  design. 
Ahhough  the  design  of  bearing  adopted  by  the  Master  Car  Builders' 
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Association  may  not  be,  and  in  all  probability  is  not,  the  best  design 
of  bearing  which  can  be  devised,  it  is  at  once  evident  that  standardi- 
zation of  equipment  is  of  vital  importance.  Cars  are  to-day  sent 
from  Maine  to  Texas,  and  from  coast  to  coast,  operating  for 
months  on  a  foreign  road.  Were  it  not  for  the  standardization  of 
equipment,  cars  miglit  be  held  up  for  long  periods  at  far  aw^ay 
points,  because  the  road,  in  whose  custody  it  is,  has  not  the  proper 
equipment  to  repair  it. 

I  have  apparently  drifted  some^^hat  from  the  subject  of  my 
paper,  but  have  introduced  this  short  history  of  the  Master  Car 
Builders'  design  of  bearing  because  of  the  influence  the  design,  size, 
weight  and  speed  of  rolling  equipment  have  upon  the  selection  of 
the  present  alloys  used,  and  because  nothing  whatever  has  been 
done  toward  the  standardization  of  alloys  used  for  bearings,  and 
the  only  condition  noted  in  the  valuation  of  bearings  in  inter- 
change of  railroads  is  whether  it  is  solid  brass,  filled,  or  iron  back 
type  of  bearing,  whereas  a  great  difference  exists  in  the  value  of  the 
bearings,  depending  on  the  composition,  a  good  bearing  often  being 
given  for  a  poor  one,  and  vice  versa. 

Coming  back  to  the  alloys  used  for  railway  bearings,  a  copper 
and  tin  alloy,  made  in  the  proportion  of  seven  parts  copper  and  one 
part  tin,  was  until  1887  considered  the  standard  alloy  for  railway 
bearings.  This  standard  was  maintained  principally  for  the  reason 
that  the  manufacturer  of  railway  bearings,  for  seventeen  years  before 
that  time,  had  practically  been  in  the  hands  of  one  company — the 
company  of  Mr.  D.  F.  Hopkins.  Hopkins,  in  1870,  invented  his  ' 
lead-hned  car  bearing.  This  invention  consisted  of  nothing  more 
than  the  appHcation  to  the  bearing  surface  of  a  thin  lining  of  lead. 
The  hning  he  applied  by  first  tinning  the  journal  surface  of  the 
bearing  and  then  placing  it  against  a  mandrel,  and  pouring  as  thin 
a  lining  as  possible  of  pure  lead  between  the  bearing  and  the  man- 
drel, the  mohen  lead  attaching  itself  firmly  to  the  tinned  surface  of 
the  bearing.  Hopkins  thus  produced  what  he  called  a  self- fitting 
bearing. 

Because  of  the  constantly  increasing  weight  and  speed  of  trains 
about  the  time  of  Hopkins'  invention,  the  bearings  were  becoming 
more  and  more  troublesome.  The  trouble  was  aggravated  by  the 
fact  that  bearings  used  were  hard  and  unyielding,  being  made  of 
the  before-mentioned  alloy  of  copper  and  tin  (in  the  proportion  of  7 


Clamer  on  the  History  of  the  Alloy  Practice.      305 

parts  copper  to  i  part  tin)  and  were  ready  to  heat  under  the  slightest 
provocation.     Then  again  the  lubrication  was  by  no  means  so  satis- 
factory as  it  is  to-day,  and  dust-guards  were  Httlc  used.    The  inven- 
tion of  Hopkins,  Hke  many  others  of  just  the  same  simple  nature, 
solved  the  difficulty  in  a  remarkably  satisfactory  manner,  and  so 
evident  were  its  merits  that  it  was  in  a  very  short  time  almost  uni- 
versally used.     Patents  were  pronounced  vahd  by  both  the  Easten 
and  Western  Railroad  Associations,  and  Hopkins  had  a  practical 
monopoly  of  the  trade.     A  few  of  the  railroads  who  made  bearings 
?.t  their  ovm  foundries  sent  them  to  Hopkins  to  be  lead  hned. 
Other  manufacturers  who  made  bearings  were  also  compelled  to 
send  them  to  him  for  lead  lining  before  the  railroads  would  use 
them.     As  is  usual  in  such  cases  where  monopohes  are  had,  the 
consumer  pays  a  long  price  for  his  product.     Hopkins  could  always 
get  his  price,  and  although  he  had  ever}^  opportunity  in  the  world 
to  cut  the  cost  of  his  product  by  the  addition  of  lead  or  zinc  to  his 
bearings,  he  rigidly  maintained  the  use  of  the  copper  and  tin  alloy. 
Before  the  expiration  of  the  Hopkins  patent,  Dicks,  in  Eng- 
land, took  out  a  patent  on  the  introduction  of  lead  and  phosphorus 
into  the  copper  and  tin  alloy  for  bearings,  claiming  that  the  lead 
added  to  its  efficiency.     This  is  the  alloy  still  largely  used,  and 
known  as  standard  phosphor-bronze  bearing  metal.     This  alloy, 
under  the  patent  of  Dicks,  was  manufactured  by  the  Phosphor- 
Bronze  Smelting  Company,  and  became  known  as  the  "S"  Brand 
— other  alloys,  containing  phosphorus,  being  manufactured  for 
other  purposes.     The  "  S  "  Brand  Phosphor  Bronze,  having  a  com- 
position of  a  trifle  over  79  parts  copper,  10  parts  tin,  10  parts  lead, 
and  a  little  less  than  i  part  phosphorus,  was  adopted  by  the  Penn- 
sylvania Railroad,  as  a  result  of  a  series  of  tests  made  by  ]Mr.  J. 
W.    Cloud,   Engineer   of  Tests.     Mr.    Cloud   proved  what    had 
already  been   a   fairly   well-founded   supposition,  i.  e.,  that  the 
addition  of  lead   to  the  copper  and  tin  alloy  was  really  of  very 
material  benefit,  not  only  in  so  far  as  the  liability  toward  heating 
was  concerned,  but  that  it  also  decreased  the  rate  of  wear.     The 
phosphorus  was  added  for  its  supposed  beneficial  influence  in 
the  foundr}'.     Phosphorus,  as  is  well  knowm,  is  a  great  deoxidizer, 
and  has  the  property  of  rendering  the  metal  which  contains  it 
exceedingly  fluid.     As  a  result  of  these  experiments  and   further 
study,  a  specification  was  dra\\Ti  up,  which  was,  so  far  as  I  am 
20 
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aware,  the  first  s})ccification  covering  the  coniposition  of  an  alloy 
for  railway  bearinj^s.  The  specification  was  that  of  the  Phosphor- 
Bronze  "S"  Bearing  Metal,  and  described  certain  hmits  for  each 
constituent,  and  a  limitation  on  impurities.     It  read  as  follows : 

Copper 78  to  80 

Lead 8  to  11 

Tin 9  to  II 

Phosphorus ,  .  Y^  to  i  per  cent. 

Sometime  after  the  introduction  of  the  phosphor-bronze  bear- 
ing metal,  my  father,  Mr.  F.  J.  Clamer,  commenced  the  manu- 
facture and  sale  of  metal  containing 

77    parts  copper, 
11^       "     tin, 
II J       "     lead, 

without  the  use  of  phosphorus.  This  was  about  the  year  1876. 
After  selling  this  product  in  a  very  limited  way,  he  interested  the 
Elkins  Manufacturing  Company,  but  it  was  found  hard  sledding 
to  introduce  it.  First,  because  of  the  prevaihng  prejudice  against 
anything  except  copper  and  tin,  this  metal  being  looked  upon  as  a 
fraud  because  copper  and  tin  was  debased  by  lead.  Second,  be- 
cause of  the  competition  of  Phosphor  Bronze  "S"  Brand,  which 
was  recognized  by  the  Pennsylvania  Railroad  as  an  alloy  of  merit; 
and,  third,  because  the  Hopkins  lead-lined  car  bearing  patent  had 
not  yet  expired — the  bearings  of  Ajax  metal  were  not  sufficiently 
soft  to  operate  satisfactorily  without  lead  lining.  For  engine  bear- 
ings, however,  it  found  favor,  and  sales  increased  steadily.  In  1880 
the  manufacture  and  sale  was  taken  up  by  the  Ajax  Metal  Com- 
pany, and  the  production  continually  increased.  Some  years  later 
other  manufacturers  came  in  the  field  and  adopted  practically  the 
same  formula,  calling  their  products  by  various  trade  names,  which, 
together  with  advertisement  and  business  push,  extended  sales 
until  they  reached  considerable  proportion.  I  am  only  considering 
now  those  alloys  which  have  marked  progress  in  the  art  of  making 
railway  bearings.  Considerable  amount  of  bearings  were  all  the 
while  being  sold,  and  are  still  being  sold,  made  exclusively  from 
scrap,  which  are  of  rather  indefinite  composition.  These  I  shall 
discuss  later. 
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Dr.  Dudley  appears  to  be  the  first  who  has  actually  taken  in 
hand  a  practical  and  scientific  study  of  the  alloys  for  railway 
bearings.  During  his  long  connection  with  the  Testing  Depart- 
ment of  the  Pennsylvania  Railroad  he  has  had  occasion  to  study 
practically  most  of  the  alloys  of  promising  qualifications  which 
have  from  time  to  time  been  presented.  About  the  year  1890 
tests  were  conducted  by  the  Test  Department  of  the  Pennsylvania 
Railroad  whereby  a  copper  and  tin  alloy,  of  seven  parts  copper  and 
one  part  tin,  was  compared  with  the  above-mentioned  "S"  Brand- 
Phosphor  Bronze,  composition  of  which  is  79  parts  copper,  10 
parts  tin,  10  parts  lead,  and  one  part  phosphorus.  Without 
discussing  any  of  the  details  of  these  tests,  which  were  published  in 
the  "  American  Engineering  and  Railway  Journal  "  in  1892,  I  will 
simply  quote  the  conclusions  which  were  dra\\Ti  from  the  data 
obtained: 

First. — Phosphor  bronze  showed  less  tendency  to  heat. 

Second. — Phosphor  bronze  showed  a  slower  rate  of  wear. 

Third. — The  phosphorus  in  the  alloy  apparently  did  not 
affect  materially  the  performance  of  the  bearings  in  ser- 
vice, and  is  added  only  for  beneficial  influences  in  the 
foundr}\ 

Fourth. — The  superiority,  of  the  "S"  Brand  Phosphor 
Bronze  is  therefore  due  to  the  lead  which  it  contains. 

Having  noted  the  beneficial  influences  of  lead,  it  now  became 
a  question  as  to  how  much  lead  should  be  added,  also  what  relation- 
ship did  the  quantity  of  tin  have  upon  the  properties  of  the  alloy. 
With  these  questions  in  mind,  further  tests  were  conducted  which 
resulted  in  the  establishment  of  the  following  facts,  which  were  pub- 
lished in  the  "  Franklin  Institute  Journal  "  of  1892: 

First. — Wear  diminishes  with  the  increase  of  lead. 
Second. — ^Wear  diminished  with  the  diminution  of  tin. 
Third. — The  tendency  to  become  heated  decreases  as  the  lead 

increases  and  the  tin  decreases,  or,  in  other  words,  as  the 

plasticity  of  the  alloy  is  increased. 

These  facts  having  been  established  by  numerous  tests,  a  still 
further  problem  confronted  the  experimenters,  /.  e.,  it  being  true 
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that  the  valuable  properties  of  the  alloy  increased  in  the  direction 
indicated,  how  far  could  the  decrease  of  tin  and  the  increase  of 
lead  be  extended,  and  still  maintain  sufficient  compressive  strength, 
so  that  the  bearings  w^ouldnot  distort  under  the  loads  which  they  are 
called  upon  to  carr)\  The  tests  conducted  were  with  percentages  of 
tin  from  12^  to  8  per  cent,  and  lead  from  zero  to  15  percent.  None 
of  these  alloys  showed  indication  of  distortion  in  service.  The 
alloy  8  per  cent,  tin,  15  per  cent,  lead  and  77  per  cent,  copper  proved 
to  be  the  best  of  the  series.  To  this  a  small  percentage  of  phos- 
phorus was  added  {\  of  i  per  cent.)  for  foundry  purposes.  This 
alloy  Dr.  Dudley  called  Ex.  B.  metal.  Dr.  Dudley,  in  one  bold 
leap,  then  tried  to  make  an  alloy  of  4  per  cent,  tin,  20  per  cent, 
lead  and  76  per  cent,  copper,  but  he  failed  in  his  attempt  to  pro- 
duce a  homogeneous  alloy  of  this  composition.  As  he  expressed 
it,  "a  very  funny  difficulty  was  encountered,  i.  e.,  the  lead  segre- 
gated, "  and  further  experiments  in  this  line  were  abandoned,  it 
being  presumed  that  an  alloy  with  approximately  the  above  com- 
position, i.  e.,  8  per  cent,  tin,  15  per  cent,  lead,  77  per  cent,  copper, 
was  the  best  of  the  series,  the  conclusions  being  that  a  small  further 
diminution  of  tin  and  increase  of  lead  which  was  possible  would 
not  be  material.  It  is  usually  beHeved  that  lead  and  copper  do  not 
alloy,  and  can  not  be  made  into  castings.  It  is  true  that  lead  and 
copper  have  a  very  weak  affinity  for  one  another,  and  this,  com- 
bined with  the  great  difference  in  the  melting  point,  and  specific 
gravity  of  the  two  metals,  makes  it  impossible  to  get  castings 
which  can  be  said  to  be  really  homogeneous,  unless  they  be  small, 
thin  sections,  which  can  be  rapidly  cooled.  A  copper  and  lead 
alloy  does  not  make  what  would  be  called  good  castings,  although 
they  may  be  fairly  well  mixed;  by  the  introduction  of  tin,  a  more 
homogeneous  product  is  produced. 

It  was  the  knowledge  of  these  facts  no  doubt  which  led  Dr. 
Dudley  to  abandon  further  efforts  in  the  direction  of  increa  sing  his 
lead  and  decreasing  his  tin  beyond  the  proportions  of  Ex.  B. 
metal.  Why  his  eflforts  to  make  an  alloy  4  per  cent,  tin,  20  per 
cent,  lead  and  76  per  cent,  copper  failed  it  is  hard  to  tell,  as  the 
alloy  is  made  with  the  simplest  kind  of  foundr}^  manipulation.  In 
all  probability,  when  attempting  to  make  this  alloy,  Dr.  Dudley 
had  present  some  impurity — phosphorus  perhaps — which  was 
detrimental  to  the  result.     Knowing  that  tin  added  to  the  homo- 
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geneity  of  the  copper  and  lead  alloy,  it  was  thought  by  Dr.  Dudley 
and  others  that  the  higher  the  amount  of  tin  the  greater  would  be 
the  amount  of  lead  which  could  be  homogeneously  combined.  The 
segregation  of  the  alloy,  76  per  cent,  copper,  20  per  cent,  lead,  4 
per  cent,  tin,  which  he  endeavored  to  make,  he  therefore  attributed 
to  the  low  tin  content  instead  of  impurity  or  foreign  element. 

Just  at  this  point  the  work  on  the  copper,  tin  and  lead  alloy  was 
taken  in  hand  by  Mr.  Joseph  G.  Hendrickson  and  myself.  We 
conducted  experiments  first  with  the  idea  in  mind  of  introducing 
some  element  which  would  cause  a  quick  chilling  or  rapid  setting 
of  the  metal  after  entering  the  mold.  After  trying  additions  of 
practically  all  the  high  melting  point  metals,  we  found  that  nickel 
was  the  only  one  which  really  gave  satisfactory^  results.  Nickel  wcs 
found  to  alloy  readily  with  copper  and  tin,  and  caused  it  to  set 
quickly;  at  the  same  time,  it  increased  its  tensile  and  compressive 
strength.  By  the  use  of  nickel,  we  were  enabled  to  increase  the 
lead  considerably  above  the  former  standard  as  set  by  Dr.  Dudley, 
that  is  15  per  cent.,  while  still  maintaining  tin  at  8  to  10  per  cent. 
We  also  found  it  possible  to  lower  the  tin  content,  and  even  to 
entirely  dispense  with  it,  and  still  secure  a  satisfactory  alloy  for 
casting,  the  alloy  of  copper  and  lead  being  found  to  be  more  homo- 
geneous when  nickel  was  added  than  copper  and  lead  alor.e, 
although  there  was  not  found  to  be  any  advantage  to  be  gained  by 
substituting  nickel  for  tin  in  order  to  get  the  same  amount  of  hard- 
ness. Further  than  this,  we  found  that  it  was  possible  to  make 
alloys  with  small  amounts  of  tin  and  large  amounts  of  lead  without 
any  nickel  or  addition  of  high  melting  point  metal. 

The  fact  that  lead,  in  large  quantities,  without  any  nickel  or 
other  mixture  or  special  treatment  of  any  kind,  could  be  added  to  a 
copper  and  tin  alloy  that  is  far  beyond  15  per  cent.,  with  tin  below 
8  per  cent. — the  limits  of  Dr.  Dudley's  Ex.  B.  alloy — was  an 
utter  surprise  to  us,  as  there  had  always  been  a  deeply-rooted  idea 
in  the  trade  that  such  an  alloy  could  not  be  made  successfully. 
That  this  idea  was  entirely  erroneous  we  proved  beyond  doubt,.and 
as  the  result  of  many  experiments,  we  found  that  as  a  matter  of 
fact  it  was  entirely  due  to  diminishing  the  tin  from  the  previous 
standard,  /.  e.,  8  to  10  per  cent. — that  it  was  possible  to  proportion- 
ately increase  the  lead  as  the  tin  was  diminished,  stopping  only  at 
such  a  point  with  the  increase  in  lead  and  decrease  in  tin  when  the 


3IO      Clamer  ox  the  History  of  the  Alloy  Practice. 

compressive  strength  was  so  diminished  that  tlioroughly  practical 
and  commerical  bearings  no  longer  resulted.  This  i)()int  we  found 
to  be: 

Tin 5  per  cent. 

Lead 30  per  cent. 

Balance  of  the  alloy,  i.  c,  65  per  cent.,  being  copper. 

This  alloy  is  largely  sold  under  the  name  of  "  Plastic  Bronze. " 

It  has  a  compressive  strength  of  about  15,000  pounds  per 
square  inch,  and  is  found  to  operate  without  distortion  on  the  bear- 
ings of  the  heaviest  locomotives  in  service,  it  being  used  not  only 
for  driving  brasses,  but  also  for  rod  brasses  and  bushings,  in  which 
capacity  considerable  thrust  is  encountered.  It  is  also  used  in  vast 
quantities  on  cars  of  100,000  pounds  capacity,  which  are  tne  largest 
cars  now  in  service. 

Although  it  was  well  known,  as  a  result  of  Dr.  Dudley's  pub- 
lications, that  it  was  highly  desirable  for  bearing  purposes  to 
increase  lead  and  decrease  tin  in  copper,  tin  and  lead  alloys,  not 
only  for  the  added  excellence  of  the  product,  but  also  because  of  the 
decrease  in  the  cost  of  production — tin  and  copper  being  replaced 
by  a  cheaper  metal,  i.  e.,  lead,  no  one  before  us  had  apparently 
taken  the  matter  in  hand  with  deliberate  intention  of  testing  the 
accuracy  of  the  prevailing  idea  that  it  was  not  possible  to  produce 
bearings  of  such  an  alloy.  Two  causes  of  the  segregation  of  lead 
which  were  undiscovered  were  undoubtedly  responsible  for  this 
erroneous  theor}'.  First,  tin  above  a  certain  limit;  second,  pres- 
ence of  detrimental  amounts  of  certain  other  elements  existing  as 
impurities. 

All  manufacturers  of  journal  bearings,  ourselves  included, 
made  frequent  attempts  to  increase  the  lead.  When  those  attempts 
were  made,  however,  it  was  always  done  with  the  idea  in  mind  of 
still  further  cheapening  the  cheapest  competitive  mixture  which 
was  sold,  necessarily  made  entirely  from  scrap,  or  it  was  done  with 
mixtures  containing  the  former  standard  percentage  of  tins,  8  to  10 
per  cent.  In  both  cases  the  results  were  failures.  In  the  first  case 
because  of  the  presence  of  considerable  zinc  and  other  impurities 
and  in  the  second  case  because  of  high  tin. 

An  explanation  as  to  why  it  was  possible  to  increase  the  lead  by 
diminishing  the  tin  was  found  by  a  microscopic  examination  of  such 
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alloys.  It  is  clearly  shown  by  examining  the  structure  of  copper,  tin 
and  lead  alloys  that  the  lead  is  but  mechanically  held,  the  copper 
and  tin  forming  a  network  or  matrix,  which  acts  in  the  capacity  of 
a  supporting  structure  for  the  lead,  and  gives  to  the  alloy  its 
strength  and  hardness.  An  examination  of  the  copper  and  tin 
matrix  shows  it  to  be  made  up  of  what  we  at  the  time  considered 
free  copper  and  a  chemical  compound  SnCuj,  together  with 
eutectic  alloy  if  the  tin  was  sufficiently  high.  This  eutectic  alloy 
has  a  very  much  lower  melting  point  than  the  balance  of  the  alloy, 
and  consequently,  if  present,  requires  a  considerable  period  of  lime 
to  solidify  after  entering  the  mold,  and  owing  to  this  time  required, 
the  lead,  which  has  a  very  much  lower  melting  point  even  than  the 
eutectic  alloy  and  a  very  much  higher  specific  gravity,  has  abun- 
dant time  to  liquate  to  the  bottom  of  the  casting,  thus  producing  an 
entirely  unsalable  product.  If,  however,  the  tin  is  kept  within  the 
limits  where  this  eutectic  alloy  is  not  formed,  the  whole  matrix 
solidifies  at  a  comparatively  elevated  temperature,  and  therefore 
solidifies  so  quickly  that  the  lead  has  no  opportunity  to  separate,  the 
result  being  an  entirely  homogeneous  alloy.  The  point  where  we 
found  a  critical  change  to  take  place  in  the  matrix  was  approxi- 
mately 9  per  cent,  tin  and  91  per  cent,  copper.  If  the  matrix  was  so 
proportioned  that  the  tin  remained  below  9  per  cent.,  more  than 
20  per  cent,  lead  could  be  added  with  entirely  satisfacton-  results. 
Furthermore,  as  the  tin  is  decreased  below  this  percentage,  a  corre- 
spondingly greater  amount  of  lead  could  be  added. 

Messrs.  Heycock  and  Neville  have  since  made  a  very  exhaus- 
tive examination  of  the  copper  and  tin  series  of  alloys  and  published 
in  1903  in  the  "  Philosophical  Transactions  of  the  Royal  Society  in 
London  "  an  important  thesis  on  this  subject.  In  this  thesis  they 
have  located  very  accurately  this  critical  point  in  the  constitution 
of  copper  and  tin  alloys  at  9  per  cent,  tin,  and  have  described  the 
constitution  of  those  alloys  containing  less  than  9  per  cent,  as  solid 
solutions  of  copper  and  tin,  whereas,  beyond  9  per  cent,  they  con- 
sist of  soHd  solution  of  copper  and  tin,  together  with  the  compound 
SnCu^.  Without  going  into  any  further  details  of  the  work  of 
these  gentlemen,  suffice  it  to  say  that  they  have  confirmed  our 
explanation  as  to  the  rational  of  our  invention.  This  work  has 
also  been  confirmed  by  several  other  workers  in  the  field. 
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Beside  thp  alloys  so  far  considered,  i.  e.: 

Copper  and  tin  alloys  of  various  proportions, 

Copper,  tin,  lead  alloy  with  phosphorus,  proportions  79 
parts  copper,  10  parts  tin,  10  parts  lead,  i  part  phos- 
phorus, known  as  phosphor  bronze. 

This  same  alloy  without  phosphorus,  known  as  Ajax  metal, 
and  a  number  of  other  alloys  of  similar  composition, 
kno^^Tl  by  various  other  names. 

Dr.  Dudley's  Ex.  B.  metal  and  Ajax  plastic  bronze  above 
described, 

there  are  a  number  of  other  compositions  described  in  specifica- 
tions of  various  railroads.  These  specifications  all  cover  alloys 
with  tin  from  8  to  10  per  cent.,  lead  from  10  to  15  per  cent.,  and  all 
with  various  details  as  to  limitations  on  the  various  metals  and 
impurities  and  methods  of  inspection,  etc.  There  has  also  been 
used  continuously  since  about  the  year  1887  vast  quantities  of  bear- 
ings which  are  made  entirely  from  scrap.  Such  bearings  as  these, 
having  a  composition  as  follows : 

Copper 65  to  75 

Tin 2  to    8 

Lead 10  to  18 

Zinc 5  to  20 

constitute  from  50  to  75  per  cent,  of  the  car  bearings  used  to-day. 
For  engine  bearings  a  great  deal  more  care  has  been  exercised,  and 
only  alloys  of  approved  composition  have  been  used,  although 
within  the  last  few  years  there  has  also  been  a  great  tendency 
toward  the  use  of  unknown  scrap  compositions  even  for  engine 
bearings.  This  is  no  doubt  largely  due  to  present  high  cost  of 
metals. 

For  the  linings  of  car  brasses  there  was  used  during  the  period 
in  which  the  Hopkins  patent  remained  in  force  only  pure  lead,  the 
linings  which  he  apphed  to  his  bearings  being  as  thin  as  was  pos- 
sible to  apply.  Hopkins  even  went  so  far  as  to  apply  a  thick  fining 
of  lead,  and  to  afterwards  machine  it  out  until  it  was  not  much 
more  than  a  thin  film.  After  this  patent  expired,  the  general 
tendency,  owing  to  competition,  was  to  increase  the  linings,  and 
this  has  also  been  sanctioned  by  a  great  many  of  the  railroads 
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because  of  its  tendency  to  obtain  bearings  at  a  lower  figure;  but 
with  the  thickness  of  the  Hnings  it  became  necessary  to  add  harden- 
ing metals.  i\ntimony  and  tin  have  accordingly  been  added  for 
this  purpose  in  var}'ing  proportions.  With  the  increase  in  the 
thickness  of  the  linings,  it  became  necessary  to  increase  their  hard- 
ness, and  at  the  present  time  linings  iir  and  |  inch  ia  thickness  are 
specified  by  some  of  the  largest  consumers,  it  being  necessar)^,  in 
such  cases,  to  add  as  high  as  15  to  20  per  cent,  antimony. 

The  bearing  metal  problem,  as  will  be  seen  by  the  above,  is  in 
a  ver}^  chaotic  condition,  and  is  a  subject  well  worth  the  attention 
of  this  Society. 


THE  R.\W  MATERIAL  SUPPLY. 
By  p.  H.  Knight  and  C.  E.  Skinner. 

If  it  were  feasible  to  present  here  a  complete  list  of  the  dif- 
ferent materials  which  form  the  component  parts  of  the  product 
of  any  large  manufacturing  company  together  with  those  which  are 
consumed  in  the  manufacturing  processes,  or  of  those  which  are 
used  by  any  great  railroad,  the  range  and  variety  displayed  would 
doubtless  surprise  those  not  closely  connected  with  such  work. 
The  list  for  a  company  with  which  the  Avriters  are  somewhat 
famihar  contains  not  less  than  850  items.  This  list  is  made  up  of 
definite  and  distinct  classes  or  grades  of  materials,  the  various 
shapes  and  sizes  of  any  class  all  being  included  as  one  item.  The 
purpose  of  this  paper  is  to  present  a  few  considerations  involved  in 
the  procuring  of  a  supply  of  raw  material  so  large  and  varied.  The 
term  "raw  material"  will  be  used  to  cover  all  material  purchased  on 
which  work  has  to  be  done  by  the  manufacturing  company,  as 
copper  wire,  pig  iron,  insulating  paper,  brass  rod,  porcelain,  sheet 
steel,  cast  steel,  etc.,  or  which  is  consumed  in  the  manufacturing 
process,  as  cutting  compounds,  fuel  oils,  coke,  etc. 

From  the  manufacturer's  point  of  view  there  are  in  general 
two  sets  of  conditions  involved  in  the  selection  of  a  raw  material, 
'first,  the  engineering,  which  requires  that  the  material  have  char- 
acteristics suitable  for  the  purpose  intended;  and  second,  the  com- 
mercial, which  requires  that  the  material  selected  be  one  that  can 
be  obtained  in  sufficient  quantity — preferably  in  the  open  market 
and  on  satisfactor}-  terms. 

The  most  convenient  method  for  designing  engineers  to 
designate  the  material  to  be  used  in  a  particular  case  or  to  make 
known  the  conditions  to  be  fulfilled  by  it,  is  to  refer  to  the  title  and 
serial  number  of  a  purchasing  department  specification  in  which 
the  characteristics  of  the  ihaterial  are  described  and  the  tests  to 
which  it  must  conform  are  specified.  This  presumes,  of  course, 
the  pre\aous  preparation  of  a  purchasing  department  specifica- 
tion under  the  general  conditions  governing  such  specifications. 
If  specifications  could  be  prepared  that  would  cover  all  classes  and 
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grades  of  material  required  and  be  so  worded  that  they  would  be 
satisfactory  to  all  parties  concerned,  the  work  to  be  done  in  con- 
nection with  the  supply  of  raw  material  would  be  mostly  of  a 
routine  nature,  merely  checking  the  shipments  received  in  hne  with 
the  requirements  of  the  specification.  Unfortunately,  however, 
where  the  materials  are  of  a  very  great  variety,  it  is  often  quite 
impracticable,  for  many  of  them,  to  use  a  specification  at  all.  In 
many  cases  materials  are  used  by  manufacturers  for  purposes  for 
which  they  are  not  ordinarily  designed,  as,  for  example,  the  use  of 
A\Tapping  paper  for  insulating  purposes.  The  paper  maker  is  not 
usually  famiHar  with  insulating  work  and  has  no  means  of  making 
tests  which  will  indicate  to  him  whether  or  not  his  product  is  satis- 
factory for  the  purpose  intended  by  the  purchaser.  It  is  also  fre- 
quently difficult  to  devise  a  test  that  will  readily  and  accurately 
determine  the  suitabiKty  of  a  material;  or,  granting  that  such  a 
test  can  be  made,  it  may  not  be  generally  recognized  by  the  trade, 
and  the  manufacturers  of  the  material,  not  being  prepared  to  make 
the  tests,  may  not  be  disposed  to  do  business  on  this  basis.  Again, 
while  the  tests  may  be  satisfactor}-  to  all  concerned,  the  cost  of 
making  them  may  be  more  than  any  probable  loss  or  risk  involved 
in  buying  without  a  specification. 

In  such  cases,  the  obvious  course  is  to  buy  a  grade  or  brand 
which  has  a  definite  standing  in  the  trade,  if  such  can  be  found 
which  shows  characteristics  suitable  for  the  purpose  intended. 
The  purchaser  of  the  material  must  then  determine  for  himself 
whether  or  not  the  commerci?!  variations  in  the  brands  selected  are 
such  as  to  interfere  with  his  manufactured  product.  In  some  cases 
this  method  of  buying  by  brand  or  grade  is  more  satisfactor}^  than 
buying  by  specification,  especially  where  the  commercial  variation 
in  standard  materials  is  not  too  great  for  the  use  in  view.  On  the 
other  hand,  when  materials  are  susceptible  of  adulteration,  compe- 
tition may  lead  the  manufacturer  or  dealer  to  adulterate  to  such  an 
extent  that  trouble  results  in  the  use  of  the  material.  The  trouble 
and  loss  which  may  result  from  the  use  of  such  adulterated  goods 
is  sometimes  many  times  as  great  as  the  value  of  a  month's  or  a 
year's  supply  of  the  goods  in  question.  In  a  certain  process  a 
brand  of  shellac  was  used  which  was  kno\Mi  to  contain  some  adul- 
teration and  this  adulteration  seemed  to  be  beneficial  to  this  particu- 
lar process.     The  amount  of  adulteration  was  increased  in  certain 


3i6      Knight  and  Skinner  on  Raw  Material  Supply. 

shipments,  ^vith  tlie  result  that  serious  trouble  was  experienced  in 
the  manufacture  of  the  product  and  the  brand  had  to  be  abandoned 
for  one  more  reliable  and  which  could  be  adulterated  by  the  user 
as  occasion  required. 

It  is  sometimes  very  difficult  to  draw  a  specification  so  that 
shipments  of  material  obtained  under  it  from  different  sources  will 
correspond  close  enough  to  each  other  to  be  satisfactory,  even 
though  each  may  technically  fill  the  specification;  and  this  ?lso 
involves  the  question  as  to  whether  materials  made  by  differe:it 
manufacturers  may  be  used  together  or  must  be  used  separately, 
as,  for  example,  varnishes,  glues,  metals,  etc. 

Each  material  may  be  satisfactory'  for  use  with  its  special  char- 
acteristics in  mind,  and  totally  unsatisfactory  if  mixed  with  other 
goods  of  the  same  class  or  if  not  used  correctly.     Consequently, 
the  shop  methods  and  processes  involved  in  a  large  factor}'  may  be 
a  determining  factor  in  the  use  of  a  particular  brand  or  br  nds  of 
material.     From  the  manufacturing  standpoint   it  is  of  course, 
undesirable  to  have  materials  of  the  same  general  class  which  have 
to  be  used  separately,  while,  on  the  other  hand,  it  is  undesirable 
to  be  limited  to  any  one  source  of  supply  for  a  material,  as  this 
situation  is  quite  likely  to  result  in  a  higher  price  than  would  obtain 
with  competition.     Furthermore,  a  strike  or  some  accident,  such  as 
a  fire,  might  at  any  time  entirely  shut  off  the  supply,  thereby  delay- 
ing the  completion  of  apparatus  and  necessitating  the  use  of  some 
untried  material.     It  is  very  desirable,  therefore,  to  try  out  mate- 
rials from  different  sources,  to  map  out  their  characteristics  and  to 
determine  whether  or  not  they  can  be  used  together  and  under  the 
same  conditions.     If  this  can  be  done  the  brand  or  grade  may  be 
placed   on    an    approved    list    and    the    purchasing    department 
instructed  to  buy  from  any  of  the  approved  sources,  as  market  con- 
(htions  may  dictate.     If,  for  the  reasons  outlined  above,  materials 
cannot  be  used  together,  but  may  be  used  as  substitutes  for  each 
other,  care  must  be  taken  that  the  supply  of  one  brand  or  grade  is 
exhausted  before  another  is  introduced,  and  that  those  interested 
in  the  use  of  the  materials  are  properly  instructed  when,  for  any 
reason,  a  change  from  one  to  the  other  is  made. 

It  is  frequently  impracticable  to  approve  all  the  possible 
sources  of  supply  for  a  given  material  on  account  of  the  large  num- 
ber, and,  when  this  is  the  case,  a  sufficient  number  of  sources 
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should  be  investigated  so  that  the  necessan'  competition  miy  be 
secured  in  the  buying  of  the  material  in  question.  One  diffi(  ulty 
in  following  out  this  plan  lies  in  the  fact  that  there  may  be  sources 
of  supply  which  have  not  been  investigated  and  not  approved  which 
may  be  just  as  satisfactory  as  those  on  the  approved  list.  In  such 
cases  commercial  conditions  must  dictate  the  policy  in  extending 
the  Hst. 

In  purchasing  material  by  brands  or  grades  or  even  on  speci- 
fication, the  method  of  handling  may  be  somewhat  different, 
depending  on  whether  the  material  is  manufactured  by  the  party 
furnishing  same  or  whether  he  is  only  a  dealer  or  importer.  If  the 
material  is  not  satisfactory  or  if  modifications  are  required,  the 
manufacturer  may  be  able  to  make  such  modifications  without 
difficulty,  as  for  example,  a  change  in  the  flash  point  of  an  insulat- 
ing oil.  The  dealer  or  importer  may  not  be  able  to  control  such 
modifications  and,  consequently,  the  brand  may  have  to  be 
changed,  as  for  example,  a  brand  of  tin. 

The  purchase  of  a  brand  of  material  without  a  specification  or 
without  investigation  for  approval  always  involves  more  or  less  risk 
and  sometimes  extra  labor.  This  labor  consists  in  lining  up  any 
characteristics  not  familiar  to  the  workmen  and  in  following  up  the 
troubles  which  may  occur  due  to  the  effect  of  such  characteristics, 
even  though  the  material  may  become  entirely  satisfactory  when 
the  workmen  become  familiar  with  its  use.  The  risk  lies  in  the 
possibility  that  different  shipments  from  an  untried  source  may 
ysLvy  in  quality,  to  the  detriment  of  the  completed  product,  or  that 
an  increase  in  cost  of  production  may  be  caused  by  some  variation 
which  may  escape  notice  in  testing  and  inspecting  the  raw  material. 
Greater  familiarity  with  the  requirements  makes  such  a  variation 
much  less  likely  to  occur  where  a  material  has  been  obtained  over  a 
long  period  of  time  from  one  source,  even  though  the  seller's  repu- 
tation in  the  general  trade  may  be  in  no  way  superior  to  that  of 
others. 

From  the  standpoint  of  the  producers  of  raw  materials,  speci- 
fications are  distinctly  advantageous  to  firms  that  will  not  reduce 
the  quality  of  their  product  below  accepted  standards  in  order  that 
they  may  cut  prices.  WTiere  several  brands  are  approved  for  pur- 
chase without  specifications  on  the  basis  of  price  only,  a  premium 
is  liable  to  be  placed  on  the  adulteration  of  goods  or  the  lowering 
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of  their  quality  in  order  to  meet  competition.  Specifications  fairly- 
drawn  and  strictly  enforced  are  a  protection  to  honest  firms  against 
unfair  competition.  Specifications  play  so  important  a  part  in 
the  purchase  of  a  material  that  it  may  be  worth  while  to  give  an 
outline  of  some  of  the  steps  necessary  to  secure  satisfactory  speci- 
fications and  some  idea  of  the  way  in  which  they  are  commonly 
used. 

It  is  usually  impossible  for  any  one— no  matter  how  famiHar 
he  may  be  with  any  particular  material — to  draw  a  specification 
for  that  material  without  spending  considerable  time  in  making 
tests  and  securing  approval,  although  the  idea  seems  to  prevail 
among  many  that  all  that  is  necessar}^  is  for  an  engineer  to  write 
out  the  characteristics  which  he  wishes  fulfilled  in  the  material  in 
question.  To  be  entirely  satisfactory'  in  its  workings  a  specifica- 
tion must  be  sufficiently  rigid  so  that  any  material  which  is  unsatis- 
factor}'  for  the  purpose  intended  may  be  rejected  under  the  speci- 
fication, and  yet  sufficiently  broad  so  that  material  required  can 
be  secured  without  undue  cost  or  delay. 

Good  results  have  been  obtained  by  drawing  a  tentative  speci- 
fication, using  all  the  knowledge  which  may  be  available  from 
previous  tests  on  the  material,  similar  specifications  in  general  use 
when  such  are  obtainable,  and  keeping  in  mind  the  requirements 
which  the  material  must  fulfil  to  be  satisfactory.  These  tentative 
specifications  are  then  sent  to  manufacturers  or  dealers  from  whom 
the  material  may  be  obtained,  with  a  query  as  to  whether  they  can 
comply  with  the  specification  as  written  or  what  modification 
would  enable  them  to  furnish  the  material  more  promptly  or 
cheaply,  also  whether  the  tests  outlined  are  acceptable,  and 
whether  or  not  the  specification  as  drawn  already  or  as  modified  by 
their  suggestions  will  apply  to  commercial  brands  of  material  on 
the  market.  A  commercial  product  should  always  be  aimed  at  in 
such  specifications  rather  than  a  special  product,  which  invariably 
costs  more.  In  certain  cases,  however,  it  may  be  necessary,  on 
account  of  the  use  to  which  a  material  is  to  be  put,  to  include 
requirements  which  are  not  usually  considered  commercial,  as  for 
example,  a  requirement  governing  the  resistance  of  steel  strip  when 
it  is  to  be  used  in  rheostat  construction. 

In  the  make-up  of  specifications  for  materials  entering  into 
electrical  apparatus,  it  is  found  that  such  specifications  refer  mainly 
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to  mechanical  dimensions  and  chemical  and  physical  character- 
istics rather  than  electrical  characteristics. 

Occasionally  a  preliminary  specification  is  accepted  without 
objection,  but  more  frequently  changes  or  additions  are  suggested, 
after  which  there  follows  a  process  of  adjustment  by  means  of 
which  the  various  interests  are  made  to  agree,  as  far  as  possible,  in 
regard  to  specific  characteristics  and  tests  which  will  admit  mate- 
rial from  the  greatest  number  of  available  sources  and  which  will 
also  maintain  a  standard  of  quality  satisfactory  to  the  user.  Before 
such  a  specification  is  finally  adopted,  it  is  necessary  that  all  parties 
interested  in  it  be  consulted.  The  purchasing  agent  may  desire 
to  include  something  in  regard  to  the  basis  on  which  unsatisfactory 
material  may  be  rejected;  the  storekeeper  may  be  interested  in  the 
size  of  package  and  how  they  shall  be  marked;  or  the  superin- 
tendent may  wish  to  insert  a  clause  that  will  lessen  the  labor  in 
handling  the  material  in  the  shop.  The  final  copy,  including  all 
the  suggested  changes  and  additions  it  is  thought  advisable  to 
incorporate  in  the  specification,  is  then  sent  to  the  manufacturers 
or  dealers  for  their  final  approval.  Experience  has  demonstrated 
that  frequent  consultation  with  those  who  are  to  supply  the  mate- 
rial is  very  advantageous,  as  it  promotes  a  better  understanding  of 
the  situation  on  the  part  of  all  concerned  and  avoids  much  of  the 
friction  that  would  otherwise  occur  in  regard  to  the  acceptance  of 
shipments.  If  the  purchasing  company  issues  its  specifications 
without  such  consultation,  a  misunderstanding  of  their  intent  may 
cause  the  sellers  to  either  increase  their  price  or  even  refuse  to 
compete  for  the  business. 

Although  a  specification  may  have  been  adopted  and  put  into 
operation,  it  cannot  be  called  completed  until  after  a  considerable 
period  of  time  has  elapsed.  Our  President,  Dr.  Dudley,  has 
already  called  attention  to  the  fact  that  the  maker  of  a  specificatiqn 
for  a  material  that  has  previously  been  bought  without  specification 
may  consider  himself  rather  fortunate  if  the  specification  does  not 
need  to  be  revised  in  some  six  or  ten  months  after  it  has  been  issued. 
One  of  the  reasons  for  the  necessity  of  revision  is  that,  while  it-  is 
very  easy  to  wTite  a  specification  which  can  be  understood,  it  is 
very  difficult  to  so  word  a  specification  that  it  cannot  he  misunder- 
stood, and  the  writers  of  specifications  are  sometimes  astonished  to 
find  how  many  meanings  can  be  placed  on  a  phrase  or  sentence 
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which  they  had  believed  to  contain  but  one  meaning.  It  also  some- 
times occurs  that  a  small  detail  which  was  considered  satisfactory 
when  the  specification  was  drawn  will  prove  to  be  quite  unsatis- 
factory in  practice.  A  recent  specification  for  round  steel  bars 
stipulated  that  the  heat  numbers  and  maker's  initials  should  be 
stamped  at  one  end  of  the  bar.  This  provision  met  with  no  objec- 
tion in  the  preliminary  stages  either  from  the  manufacturers  of  the 
material  or  from  those  interested  in  its  use  in  the  factory.  After 
the  specification  had  been  in  force  for  some  time  the  men  in  the 
shop  complained  that  great  difficulty  was  experienced  in  locating 
the  numbers  on  the  bars  in  large  piles  because  the  stamping,  while 
done  at  the  end  of  the  bar  as  specified,  was  on  the  cyfindrical  sur- 
face. A  change  in  the  specification  which  required  that  the  mark- 
ing be  placed  on  the  flat  surface  of  one  end  of  each  bar,  removed 
this  difficulty.  This  was  relatively  of  small  importance,  but 
neglect  to  make  the  change  would  have  caused  a  great  deal  of 
inconvenience  and  unnecessary  labor.  The  case  is  illustrative  of 
the  unforeseen  ways  in  which  a  specification  may  fail  to  give  com- 
plete satisfaction,  and  it  also  shows  why  considerable  time  is 
required  for  seasoning  in  the  preparation  of  a  good  working  speci- 
fication. This  case  is  also  illustrative  of  the  difficulty  of  expressing 
a  simple  statement  so  that  it  cannot  be  misunderstood. 

There  is  a  third  class  consisting  of  those  materials  which  can 
only  be  partially  covered  by  a  specification.  These  materials  are 
of  such  nature,  or  the  conditions  surrounding  their  use  are  such, 
that,  with  any  tests  practical  enough  to  adopt  in  a  specification,  it 
is  not  certain  that  material  conforming  to  the  specification  will  be 
satisfactory  in  service.  On  the  other  hand,  practical  tests  may  be 
known,  such  that  non-compliance  with  them  will  conclusively  prove 
that  the  material  is  unsatisfactory,  so  that  a  specification  based  on 
such  tests  has  a  certain  value  in  a  negative  way.  These  materials 
r.re  best  handled  under  a  combination  system  of  approved  brands 
and  specifications  in  which  the  sellers  of  the  materials  guarantee 
them  to  meet  the  prescribed  tests,  and  the  buyer  buys  only  those 
brands  that  have  been  found  satisfactory  in  his  business. 

Copies  of  purchasing  department  specifications  are  given  to 
inspectors  of  raw  material  for  their  guidance  in  accepting  or 
rejecting  shipments.  Every  specification  should  contain  a  clause 
giving  the  company  the  right  to  reject  any  material  which  does  not 
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conform  to  any  and  every  requirement  in  the  specification,  but 
many  specifications  cover  points  which,  while  deserving  considera- 
tion, are  not  always  of  primary  importance,  as  for  example,  the 
size  of  packages,  the  method  of  packing  and  marking,  and  some- 
times also  the  shapes  and  sizes  of  the  material  itself.  For  the 
further  guidance  of  the  inspectors,  therefore,  it  is  convenient  to 
issue  inspection  specifications  for  their  use  in  connection  with  the 
purchasing  department  specification.  These  specifications  should 
designate  the  provisions  in  the  purchasing  department  specifica- 
tions which  must  be  rigidly  enforced  under  all  circumstances,  and 
also  the  provisions  which  in  case  of  non-compliance  may  be  passed 
over  with  a  request  to  the  sellers  of  the  material  to  foUow  specifica- 
tion more  closely  in  future  shipments. 

There  may  be  other  requirements  in  the  purchasing  depart- 
ment specification,  non-compliance  with  which  would  unfavorably 
aflfect  the  cost  of  production  in  the  factory,  but  would  in  no  way 
affect  the  completed  apparatus.  In  this  case  the  inspection  speci- 
fication should  require  the  inspector  to  reject  a  shipment  only 
when  there  is  a  sufficient  amount  of  the  material  in  the  storeroom 
to  supply  all  needs  until  another  shipment  can  be  received. 

A  rigid  inspection  of  a  large  quantity  of  raw  material  causes 
considerable  expense  and  as  certain  classes  of  defects  in  some 
materials  will  appear,  if  they  exist,  when  the  material  is  handled 
in  the  factor}^,  it  is  sometimes  advisable  to  omit  inspection  when 
the  material  is  received.  To  permit  this,  the  purchasing  depart- 
ment specifications  must  be  so  drawn  as  to  admit  of  returning  the 
material  for  credit  whenever  defects  appear.  As  an  illustrative 
case,  consider  the  quality  of  hardness  in  magnet  wire.  This  qual- 
ity is  not  detrimental  to  completed  apparatus  but  it  is  ver}^  objec- 
tionable to  the  winders  and,  as  they  are  certain  to  discover  it, 
the  inspectors  need  not  be  required  to  examine  each  reel  for 
hardness. 

Another  feature  of  the  raw  material  supply  which  should  be 
considered  is  that  of  samples  of  materials  which  the  producers 'sub- 
mit for  investigation  in  the  hope  of  securing  new  business.  The 
number  of  such  samples  coming  to  the  writers'  attention  in  the 
course  of  a  year  is  some  thousands.  These  cover  almost  every 
class  of  raw  material,  hardware,  manufacturing  supplies,  etc.,  and 
the  labor  and  expense  involved  if  all  were  tested  as  desired  by  those 
21 
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furnishing  the  materials  would  be  very  considerable.  Many  of  the 
letters  accompanying  such  samples  are  merely  to  the  effect  that 
the  sample  is  submitted  for  test  and  no  information  is  given  regard- 
ing the  characteristics  of  the  material  submitted,  and  there  is 
apparent!}'  no  knowledge  on  the  part  of  the  producer  of  the  mate- 
rial as  to  whether  it  would  meet  any  of  the  requirements  of  this 
general  class  of  materials  as  used  by  the  company  to  which  it  is 
submitted.  Other  letters  frequently  convey  no  idea  of  the  applica- 
tion of  the  material,  simply  stating  that  it  is  meeting  with  universal 
favor,  and,  this  being  the  case,  they  assume  that  there  is  no  reason 
why  it  should  not  be  immediately  purchased  in  large  quantities  by 
the  manufacturing  company.  Samples  are  frequently  of  mailing 
size,  and  often  quite  insufificient  for  satisfactory  tests.  Even  the 
name  apphed  to  some  of  these  materials  is  frequently  so  designed 
as  to  afford  no  clue  to  its  proper  classification.  This  is  especially 
true  of  the  new  grades  of  insulating  materials,  which  are  sometimes 
designed  as  proprietary  trade  names.  The  number  of  new  mate- 
rials brought  out  during  the  past  few  years  in  this  line  has  appar- 
ently been  so  great  and  the  name-makers  have  been  so  crowded 
that  a  list  of  some  of  these  names  would  sound  like  the  reading  of  a 
telegraphic  code. 

The  manufacturing  company  necessarily  derives  great  benefit 
from  testing  and  investigating  the  samples  which  it  receives;  many 
of  them  give  valuable  information  and  start  investigations  that  lead 
up  to  the  adoption  of  a  material  possessing  superior  qualities  or 
economical  advantages.  It  is  probably  not  desirable  to  have  the 
number  of  such  samples  diminished,  but  it  is  very  desirable  to  have 
each  sample  accompanied  by  all  information  bearing  on  its  char- 
acteristics, uses,  etc.,  which  the  sender  can  obtain.  This  informa- 
tion should  cover  not  only  the  commercial  points  of  prices,  deliv- 
eries, etc.,  but  also  the  name  of  the  class  of  materials  to  which  the 
sample  belongs,  its  most  prominent  characteristics,  and  the  princi- 
pal uses  to  which  the  material  has  been  put,  also  specifying  the 
results  of  tests — physical,  chemical  or  electrical — to  which  the 
material  has  already  been  submitted.  Such  information  would  often 
enable  immediate  decision  to  be  made  as  to  whether  a  material  is 
worth  investigating  or  whether  it  has  any  application  in  the  work 
of  the  manufacturing  company,  while  the  lack  of  such  information 
sometimes  results  in  the  rejection  of  a  valuable  material  after  pre- 
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liminary  tests  to  determine  its  suitability  for  a  purpose  for  which 
it  was  never  intended. 

To  get  the  full  benefit  that  may  be  derived  from  handling  and 
testing  a  large  variety  of  materials,  it  is  very  desirable  to  have  a 
clean,  well-lighted  room  fitted  up  with  shelves,  cases,  bottles,  etc., 
in  which  samples,  properly  labeled,  may  be  filed  in  numerical  order. 
An  alphabetical  card  index  should  be  kept  of  the  samples,  each 
bearing  the  serial  number,  history,  characteristics,  results  of  tests, 
and  any  special  information  of  interest  in  connection  with  a  sample. 
The  collection  should  include  new  materials  having  valuable  char- 
acteristics, standard  materials  regularly  used  in  production,  and 
samples  illustrative  of  undesirable  characteristics  that  have  caused 
failures  in  regular  service. 

Such  an  exhibit  gives  engineers  and  draftsmen,  at  any  time, 
a  convenient  opportunity  to  see  the  materials  they  are  required  to 
specify  and  to  learn  their  characteristics.  It  prevents  waste  of 
labor  caused  by  unnecessary  duplication  of  tests  as,  in  the  course 
of  a  year  or  two,  attention  may  be  asked  for  several  different 
samples  of  the  same  or  similar  material  not  readily  recognized  c  s 
such.  A  comparison  of  new  samples  with  the  permanent  exhibit 
would  frequently  show  such  striking  similarity  to  samples  pre- 
viously tested  and  rejected  as  to  clearly  indicate  the  futihty  of 
making  tests  on  the  sample  in  hand. 

In  the  case  of  materials  bought  on  "  approved  brands, "  with- 
out specification,  it  is  especially  desirable  to  have  on  file  a  sample 
of  the  shipment  that  was  originally  tested  and  approved,  to  serve 
as  a  standard  for  comparing  with  future  shipments;  and  in  the 
case  of  material  bought  wholly  on  specification  some  well  mounted 
samples,  of  material  which  is  known  to  comply  with  the  specifica- 
tion, are  useful  in  showing  representatives  of  new  tirms  the  appear- 
ance of  the  material  wanted. 


THE  NATIONAL  BUREAU  OF  STANDARDS. 
By  S.  W.  Stratton. 

Early  in  the  history  of  our  Government  an  office  of  weights 
and  measures  was  estabHshed  in  connection  with  the  Coast  and 
Geodetic  Survey  of  the  Treasur}^  Department,  for  the  purpose  of 
providing  suitable  standards  of  length  in  connection  with  its  sur- 
veys. At  about  the  same  time  it  became  necessary  for  the  Secre- 
tary of  the  Treasury  to  adopt  standards  of  mass  and  capacity  and 
to  provide  copies  of  the  same  for  use  at  the  various  custom  houses, 
thus  increasing  the  functions  of  the  office  to  include  mass  and 
capacity.  Later  the  Secretary  was  directed  by  the  Congress  to 
provide  copies  of  these  standards  of  length,  mass,  and  capacity  to 
the  various  States.  This  work  was  necessarily  delegated  to  the 
Office  of  Weights  and  Measures.  Precision  measurements  of 
length  necessitated  the  adoption  and  comparison  of  thermometric 
standards  of  ordinar}^  range  and  accuracy.  During  the  last  years 
of  the  Office  of  Weights  and  ^Measures  it  had  begun  in  a  very  small 
way  the  testing  of  standards  of  electrical  resistance  and  electro- 
motive force,  but  owing  to  the  limited  facilities  of  the  office  its  work 
was  practically  confined  to  the  necessities  arising  in  connection 
with  the  work  of  the  Treasur}'  Department. 

In  urgent  and  important  cases  comparisons  with  the  standards 
adopted  by  the  Treasury  Department  were  made  for  other  Depart- 
ments of  the  Government  and  for  the  public,  although  no  provision 
was  made  directly  for  that  purpose.  In  the  meantime  the  scientific, 
m  mufacturing,  and  commercial  interests  of  the  countr}'  had 
assumed  great  proportions.  Accurate  measurements  were  being 
employed  where  before  guesswork  and  rules  of  thumb  were  con- 
sidered quite  sufficient.  Scientific  work  and' the  introduction  of 
scientific  methods  of  manufacturing  necessitated  accurate  methods 
of  measurement.  The  dissemination  of  scientific  knowledge  and 
the  adoption  of  the  interchangeable  method  of  manufacturing 
made  the  use  of  uniform  working  standards  imperative,  a  result  to 
be  obtained  only  through  primary  standards  of  the  highest  type 
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and  a  central  institution  provided  with  the  facilities  for  their  com- 
parison with  sccondar}-  and  working  standards. 

It  was  not  until  1901  that  our  government  took  steps  to  pro- 
vide suitable  standardizing  facihties,  although  the  necessity  for  such 
work  had  been  recognized  for  many  years.  In  fact  the  demand 
for  it  had  become  so  great  that  for  some  time  previous  to  the  estab- 
lishment of  the  National  Bureau  of  Standards  we  were  compelled 
to  avail  ourselves  of  the  facilities  of  foreign  governments;  princi- 
pally those  of  the  Physikalisch-Technische  Reichsanstalt  of  Ger- 
many, an  institution  to  which  too  much  credit  cannot  be  given  for 
having  demonstrated  the  value  of  such  institutions  founded  on 
broad  scientific  principles.  At  that  time  this  country  had  assumed 
a  creditable  position  in  physical  science  and  possessed  some  of  the 
best  laboratories  in  the  world;  it  was  leading  in  the  manufacture 
of  electrical  and  other  machinery,  and  in  many  industries  involving 
standards  and  methods  of  measurement.  To  be  compelled  to  ask 
foreign  laboratories  for  standards  and  standardizing  facilities  was 
clearly  a  situation  that  needed  to  be  corrected,  hence  provision  was 
made  by  Congress  for  the  establishment  of  an  institution  equipped 
and  authorized  to  deal  with  questions  pertaining  to  standards, 
measuring  instruments,  physical  constants,  and  the  properties  of 
materials.  Funds  were  appropriated  for  the  construction  and 
equipment  of  laboratories  and  for  a  small  scientific  force,  with  a 
view  to  increasing  the  latter  as  soon  as  the  laboratories  were  com- 
pleted. 

Since  it  would  require  at  least  two  to  three  years  for  the  plan- 
ning and  building  of  the  laboratories,  temporary  quarters  wTre  at 
once  secured  in  connection  with  the  quarters  formerly  occupied  by 
the  Office  of  Weights  and  ^Measures;  the  planning  of  the  labora- 
tories was  begun,  as  well  as  the  selection  of  the  scientific  staff,  and 
the  development  of  some  of  the  more  important  methods  of  testing. 
The  first  and  one  of  the  most  important  problems  which  presented 
itself  was  the  selection  of  a  site.  After  a  careful  examination  of  all 
the  sites  available  one  was  found  in  the  northwest  section  of  the 
suburbs  of  Washington  which  was  sufficiently  near  the  city  and 
fines  of  transportation  to  be  reasonably  easy  of  access,  and  which 
possessed  the  desired  physical  qualifications.  It  is  large  enough 
for  immediate  purposes,  containing  about  seven  acres,  but  steps 
have  been  taken  towards  securing  sufficient  adjacent  property  to 
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protect  the  Bureau  from  mechanical  and  electrical  disturbances 
that  may  arise  with  the  future  development  of  the  city. 

The  selection  of  the  site  was  naturally  followed  by  the  design- 
ing and  constructing  of  the  buildings.  It  was  decided  to  erect  two 
buildings,  one  of  which  should  contain  the  mechanical  plant, 
instrument  shop,  and  other  work  requiring  heavy  apparatus;  the 
other,  a  physical  laboratory,  situated  at  some  distance  from  the 
first,  and  as  far  as  possible  free  from  machinery  or  mechanical  dis- 
turbances. The  amount  appropriated  for  the  buildings  would  not 
permit  of  ornamental  or  expensive  construction ;  nevertheless  it  was 
sufficient  to  erect  two  strong,  substantial,  fireproof  buildings,  of 
dark  red  brick,  trimmed  with  buff  Bedford  limestone,  and  of  a 
style  well  suited  for  laboratories. 

To  provide  for  the  future  growth  of  the  Bureau,  it  is  proposed 
to  erect  several  additional  buildings,  one  of  which  will  be  a  labora- 
tor)'  devoted  exclusively  to  the  investigation  of  the  properties  of 
and  methods  of  testing  engineering,  building,  and  other  materials; 
another  will  provide  quarters  for  the  electrical  work;  and  another 
will  be  devoted  to  the  work  in  chemistry.  These  sections  of  the 
Bureau's  work  have  already  been  organized  in  the  present  build- 
ings, but  with  reference  to  their  final  disposition  in  buildings 
erected  especially  for  the  purpose.  The  entire  group  of  buildings 
will  be  supplied  with  heat,  power,  light,  and  other  facilities  from 
the  mechanical  laboratory. 

The  personnel  of  the  Bureau  has  been  gradually  increased 
from  fourteen  at  its  organization  to  one  hundred  and  ten  for  the 
coming  fiscal  year.  Over  75  per  cent,  of  the  personnel  consists  of 
scientific  and  technical  men,  the  selection  of  which  presented  a 
difficult  problem  owing  to  the  high  standard  that  must  be  main- 
tained by  the  Bureau,  and  the  great  demand  for  the  same  classes  of 
men  by  educational  institutions  and  the  engineering  professions. 
Nevertheless,  the  Bureau  from  the  beginning  has  insisted  on  filling 
its  positions  with  none  but  the  best  material,  often  allowing  them 
to  remain  vacant  rather  than  appoint  undesirable  or  even  fairly 
good  men.  The  selections  have  been  made  by  competitive 
Civil  Servdce  examinations;  this  is  not  always  the  quickest  or  most 
advantageous  way  of  selecting  professional  men,  especially  when 
the  demand  is  greater  than  the  supply,  but  it  guards  successfully 
against  political  influence  or  favoritism.     The  Civil  Service  Com- 
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mission  has  co-operated  with  the  Bureau  in  maintaining  a  high 
standard  in  the  scientific  qualifications  of  its  personnel.  With  the 
exceptions  of  the  leaders  in  the  principal  fines  of  the  Bureau's  work, 
the  poficy  has  been  to  appoint  graduates  of  first-class  scientific  or 
technical  colleges  to  the  lower  grades  of  assistantships,  advancing 
them  to  the  higher  grades  as  they  become  proficient  and  vacancies 
occur.  At  entrance  they  are  allowed  to  select  the  line  of  work  in 
which  they  desire  to  specialize,  and  every  opportunity  is  given  them 
for  development. 

Necessarily,  the  first  work  organized  by  the  Bureau  was  that 
pertaining  to  the  fundamental  standards  and  precision  measure- 
ments in  mass,  length,  capacity,  heat,  light,  and  electricity.  The 
importance  of  such  work  is  too  well  recognized  for  comment,  but 
its  character  and  the  apparatus  employed  can  hardly  be  appre- 
ciated by  those  who  have  not  been  brought  in  touch  with  it.  Con- 
sider, for  example,  the  construction  of  a  copy  of  the  standard  of 
length,  and  the  work  involved  in  subdividing  it  to  the  ultimate 
divisions  of  a  micrometer,  or  the  construction  of  its  multiples  as 
used  in  base  measuring  apparatus,  steel  tapes,  and  other  engineer- 
ing standards,  or  the  testing  of  various  instruments  for  measuring 
temperatures  from  that  of  solid  hydrogen  to  the  highest  tempera- 
tures that  it  is  possible  to  produce.  And  yet,  these  are  but 
examples  that  have  their  counterpart  in  almost  every  field  of  physi- 
cal measurement. 

The  work  of  the  Bureau  is  organized  at  present  in  seven  divi- 
sions, each  covering  a  more  or  less  distinct  branch  and  in  charge  of 
one  or  more  experts  aided  by  a  corps  of  scientific  and  technical 
assistants.  They  are,  as  follows:  (i)  weights  and  measures;  (2) 
electricity;  (3)  heat,  thermometry',  and  pyrometr}^;  (4)  light  and 
optical  instruments;  (5)  chcmistr}-;  (6)  engineering  instruments; 
and,  (7)  testing  and  investigation  of  materials. 

The  division  of  weights  and  measures  is  devoted  to  the  com- 
parison of  standards  of  length,  mass,  and  volume  with  the  official 
standards  of  the  United  States,  all  of  which  are  in  the  custody  of 
the  Bureau.  These  measures  are  submitted  by  the  Government 
Departments,  by  State  and  city  inspectors  of  weights  and  measures, 
by  manufacturers,  by  scientific  and  technical  institutions,  and  by 
individuals.  In  cases  where  there  are  no  local  facihties  the 
Bureau  tests  and  seals  commercial  weights  and  measures,  pro- 


^28  Stratton  on  the  National  Bureau  oe  Standards. 

vidcd  they  conform  with  certain  essential  requirements  as  to  con- 
struction. This  division  tests  all- kinds  of  instruments  for  measur- 
ing length,  mass,  or  capacity,  also  hydrometers  and  barometers, 
and  it  is  preparing  to  take  up  the  testing  of  chronometers,  watches 
and  other  time-measuring  apparatus.  It  also  gathers  information 
as  to  the  laws  and  usage  of  local  and  foreign  weights  and  measures, 
and  when  such  information  is  sufficiently  important  it  is  pubhshed. 

A  meeting  of  the  State  sealers  of  weights  and  measures  is  held 
at  the  Bureau  annually  for  the  purpose  of  discussing  the  means 
for  securing  uniform  laws  and  inspection  of  commercial  weights 
and  measures  throughout  the  United  States. 

It  must  not  be  supposed  that  these  divisions  are  devoted 
entirely  to  comparisons  and  tests;  the  greater  part  of  their  efforts 
are  expended  in  developing  methods  of  measurement,  making 
investigations,  and  the  determination  of  such  properties  of  mate- 
rials as  may  come  within  their  scope. 

The  electrical  division  covers  several  very  important  branches, 
involving  many  problems  difficult  of  solution  and  an  extensive 
equipment.  Under  resistance  and  electromotive  force  are  classed 
the  construction  and  verification  of  resistance  standards  and 
standards  of  electromotive  force,  together  with  the  various  instru- 
ments of  precision  for  measuring  these  quantities.  Under  induct- 
ance and  capacity  are  found  the  investigation  of  the  methods  of 
measuring  inductance  and  capacity,  the  construction  and  testing 
of  the  Bureau's  standards,  the  testing  of  capacities  and  inductances 
for  the  public,  and  the  verification  of  the  apparatus  used  in  con- 
nection with  these  measurements.  The  investigation  and  testing 
of  instruments  for  measuring  electric  current,  voltage,  and  power 
(both  direct  and  alternating)  and  the  testing  of  laboratory  and  com- 
mercial instruments  designed  for  such  measurements  is  also 
included  in  the  work  of  the  electrical  division.  It  includes,  also, 
magnetism.  Instruments  and  methods  for  testing  the  permea- 
bihty  and  hysteresis  of  specimens  of  iron  have  been  developed. 

The  section  of  photometry  comprises  the  testing  of  incandes- 
cent lamp  standards  for  candle  power  and  distribution  of  light,  the 
testing  of  lamps  as  to  life,  candle  power,  and  efficiency,  and  the 
study  of  special  problems  in  photometr}\  An  equipment  for  life 
tests  has  been  installed  for  the  testing  of  lamps  purchased  by  the 
Departments  of  the  Government  and  for  seasoning    standards. 
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The  photometric  work  has  recently  been  extended  to  include  gas 
and  other  illuminants. 

The  division  of  heat,  thermometr}',  and  pyromctry  is  devoted 
to  the  testing  of  thermometers  of  all  kinds,  the  various  forms  of 
pyrometers  for  the  measurement  of  high  temperatures,  the  deter- 
mination of  calorific  values  of  fuels,  and  investigations  bearing  on 
the  estabhshment  and  control  of  the  temperature  standards  of  the 
Bureau.  Information  is  furnished,  upon  request,  as  to  methods  of 
temperature  measurement,  thermal  constants,  specifications  for 
thermometers,  etc.  An  intercomparison  of  the  primary  standard 
mercurial  thermometers  of  the  Bureau  in  the  interval  o°-ioo°  Centi- 
grade, in  a  specially  designed  comparator,  has  been  made.  A  num- 
ber of  platinum  resistance  thermometers,  together  with  the  neces- 
sary apparatus  for  their  use,  have  been  designed  and  constructed, 
to  be  used  in  connection  with  the  estabhshment  of  the  standard 
scale  of  temperature.  An  investigation  of  the  methods  of  measure- 
ment of  high  temperatures  by  means  of  the  light  and  heat  emitted 
by  incandescent  bodies,  with  a  view  to  their  application  in  the 
laboratory  and  in  the  industries,  has  recently  been  made. 

The  great  importance  in  many  industrial  processes  of  an 
accurate  knowledge  and  control  of  the  temperatures  at  which  the 
operations  are  carried  out  is  well  known.  The  representatives  of 
many  manufacturing  plants  have  visited  the  Bureau  with  a  view  to 
studying  the  pyrometers  in  use  in  its  laboratories,  and  consulting 
its  experts  concerning  the  methods  of  temperature  measurement. 
At  the  request  of  the  refrigerating  engineers,  the  Bureau  is  engaged 
upon  the  determination  of  the  specific  heat  of  calcium  chloride 
brine,  which  illustrates  one  class  of  problems  this  section  is  called 
upon  to  solve. 

While  the  work  of  the  division  of  optics  is  chiefly  related  to  the 
determination  of  physical  laws  and  constants,  considerable  testing 
has  been  done,  especially  in  connection  with  polariscopic  apparatus 
and  standards.  The  spectroscopic  work  has  been  confined  to  the 
determination  of  the  laws  and  conditions  governing  the  production 
of  pure  spectra,  with  a  view  to  their  apphcation  in  spectroscopic 
methods,  the  determination  of  standard  wave  lengths,  and  their  use 
in  optical  methods  of  measurement. 

The  analytical  work  of  the  division  of  chemistry  is  confined  as 
far  as  possible  to  the  solution  of  problems  which  are  important  to 
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definite  interests  or  a  large  number  of  individuals.  Specific  analy- 
ses arc  made  for  the  Departments  of  the  Government,  and  some- 
times for  the  pubhc  in  cases  of  dispute,  but  it  is  not  the  desire  of  the 
Bureau  to  enter  the  field  covered  by  conmiercial  chemists.  This 
divis  on  is  working  upon  the  standards  of  purity  for  chemical 
reagents.  Good  progress  has  been  made  in  securing  the  co-opera- 
tion of  chemical  manufacturers  and  in  the  development  of  methods 
of  testing  for  impurities  in  reagents,  especially  those  found  in  the 
common  acids  and  alkalies.  Samples  of  a  few  important  materials 
have  been  carefully  analyzed,  with  a  view  to  their  distribution  when 
necessar}^  for  the  purpose  of  checking  methods  of  analysis  used  in 
the  scientific  work  in  the  industries. 

For  several  years  the  American  Foundrymen's  Association  had 
prepared  and  distributed  samples  of  standard  irons.  By  an 
arrangement  with  that  Association  this  work  has  been  transferred 
to  the  Bureau  of  Standards  which  will  in  the  future  have  charge  of 
the  preparation  and  distribution  of  such  samples.  Similar  arrange- 
ments have  been  completed  with  the  American  Steel  Manufac- 
turers' Association  as  to  the  preparation  of  standard  samples  of 
steels  of  the  three  types — bessemer,  basic  open-hearth,  and  acid 
open- hearth — which  have  been  analyzed  and  are  ready  for 
distribution. 

The  determination  of  the  ratio  between  the  atomic  weights  of 
oxA^-gen  and  hydrogen  and  work  upon  the  atomic  weight  of  chlorine 
are  in  progress,  and  illustrate  one  class  of  investigations  that  it  is 
proposed  to  take  up  in  the  chemistry  division. 

The  relation  of  the  chemical  work  to  that  of  other  sections  of 
the  Bureau  is  exceedingly  important.  Scarcely  a  problem  can  be 
taken  up  concerning  the  construction  of  standards  or  properties  of 
materials  that  does  not  involve  chemical  preparations,  chemical 
analysis,  or  the  co-operation  and  advice  of  expert  chemists.  The 
entire  work  of  the  Bureau  has  been  greatly  strengthened  and  its 
efficiency  increased  by  the  chemical  division. 

It  has  been  impossible  thus  far  to  assign  to  the  testing  and 
investigating  of  engineering  instruments  the  space,  equipment,  and 
assistance  commensurate  with  their  importance.  Howv.ver,  the 
Bureau  is  in  a  position  to  test  standard  water  meters,  gas  meters, 
speed  indicators,  pressure  gauges,  anemometers,  indicator  springs, 
and  many  varieties  of  testing  machines ;  it  is  carrying  on  investiga- 
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tions  relating  to  the  behavior  of  such  instruments  under  var}-ing 
conditions,  the  improvement  of  their  accuracy  when  desirable,  and 
encouraging  their  use.  It  co-operates  mth  municipal  authorities 
in  the  establishment  of  their  testing  plants,  verifies  their  standards, 
and  advises  the  officials  directly  in  charge  of  such  work. 

The  testing  and  investigation  of  materials  depends  to  such  a 
large  extent  upon  standards  of  measurement,  measuring  instru- 
ments, power,  mechanical  equipment,  physical  and  chemical 
experts  that  the  Bureau  has  striven  to  provide  these  necessar}'  and 
indispensable  facilities  before  undertaking  the  work  in  connection 
with  materials;  nevertheless,  the  demand  for  it  has  been  so  great, 
especially  on  the  part  of  the  Departments  of  the  Government,  that 
the  Bureau  was  compelled  to  take  it  up  in  a  ver}'  limited  way  .almost 
at  the  beginning.  By  the  testing  of  materials  is  not  meant  the 
mere  resistance  tests  that  can  be  done  in  commercial  laboratories, 
but  a  study  of  their  physical  properties  with  a  view  to  improving 
the  conditions  under  which  they  are  used,  tested,  or  purchased. 
Materials  are  not  tested  to  ascertain  whether  or  not  they  comply 
with  specifications,  except  in  cases  of  dispute,  or  for  the  Govern- 
ment. There  is  a  decided  tendency  throughout  all  of  the  Depart- 
ments of  the  Governmenc  to  purchase  materials  in  accordance  with 
properly  prepared  specifications  and  to  make  such  tests  as  are 
necessar}-  to  insure  that  they  are  complied  with.  The  Bureau  of 
Standards  is  assisting  in  every  way  possible  not  only  by  the  pre- 
scribing and  making  of  tests  but  in  the  preparation  and  standardiz- 
ing of  specifications.  The  making  of  these  tests  for  the  Govern- 
ment suggests  many  important  problems  which  when  solved  will 
benefit  all  testing  laboratories. 

It  is  the  desire  to  co-operate  with  laboratories  engaged  in  com- 
mercial testing,  since  it  is  not  the  plan  of  the  Bureau  to  enter  that 
field,  but  rather  to  supplement  their  work.  As  in  the  other  divi- 
sions of  the  Bureau,  manufacturers  and  others  engaged  or  inter- 
ested in  the  testing  of  materials  are  free  to  consult  with  the  experts 
of  the  Bureau,  and  the  results  of  investigations  will  be  made  public. 

The  following  are  a  few  samples  of  the  investigations  that 
have  been  made  or  are  in  progress,  and  are  selected  to  illustrate 
that  the  Bureau  is  endeavoring  to  organize  this  work  upon  a 
broader  and  higher  plane  than  is  generally  understood  by  the  test- 
ing of  materials :  an  investigation  of  the  present  methods  of  testing 
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lubricants  with  a  view  to  determining  the  relation  between  the 
chemical  and  physical  properties  of  lubricants  and  their  value  for 
specitic  purposes;  the  development  of  physical  and  chemical  tests 
of  glue ;  the  development  of  methods  for  the  physical  and  chemical 
testing  of  paper,  including  an  investigation  of  the  elements  govern- 
ing the  change  of  dimensions  of  paper  used  in  printing;  the  electri- 
cal properties  of  paper  have  been  determined  with  a  view  to  deter- 
mining that  best  suited  for  the  construction  of  telephone  cables; 
a  large  amount  of  paper  has  been  tested  for  the  Government  to 
ascertain  whether  or  not  it  complies  with  the  speciiications  upon 
which  it  was  purchased ;  the  electrical  and  thermal  conductivity  of 
metals  and  graphite  have  been  determined;  an  investigation  was 
made  to  determine  the  best  paraffine  to  be  used  in  the  electrical 
condensers;  and  the  Bureau  is  frequently  called  upon  to  deter- 
mine the  electrical  and  magnetic  properties  of  materials.  The 
importance  of  this  work  is  such  that  Congress  will  be  asked  at  the 
coming  session  to  provide  and  equip  a  separate  building  for  it. 

The  general  equipment  of  the  Bureau  includes  besides  the 
apparatus  for  heat,  light,  and  power,  that  necessary  for  the  genera- 
tion of  electricity  in  the  various  forms  for  power  or  experimental 
purposes;  for  the  production  of  high  and  low  temperatures;  high 
and  low  pressures;  for  the  distribution  of  steam,  gas,  compressed 
air  and  vacuum,  and  cold  brine  to  the  different  laboratories,  a 
detailed  description  of  which  would  extend  this  paper  beyond 
reasonable  limits. 

An  instrument  shop  equipped  with  suitable  machiner}^  and 
provided  with  expert  mechanicians  is  an  essential  feature  of  any 
laboratory;  this  is  especially  true  in  institutions  where  precise 
measurements  and  original  investigation  constitute  the  greater  part 
of  the  work.  The  shop  of  the  Bureau  is  equipped  with  modern 
machinery,  each  machine  separately  driven  by  an  electric  motor. 
It  is  both  an  instrument  shop  and  a  machine  shop  capable  of 
handling  a  wide  range  of  work. 

Manufacturing  concerns  and  engineers  solve  great  problems 
by  the  association  of  experts.  In  like  manner  the  different  sections 
of  the  Bureau  co-operate  and  assist  one  another.  For  example,  the 
specialist  engaged  in  the  development  of  methods  of  testing,  or  who 
is  making  investigations  in  connection  with  materials,  has  at  his 
hands  the  best  facilities  for  the  measurement  of  length,  mass,  time, 
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and  temperature,  and  can  readily  consult  with  the  corresponding 
experts  as  well  as  with  the  chemist.  The  advantages  to  be  gained 
by  this  association  of  specialists  can  only  be  appreciated  by  those 
who  have  wasted  valuable  time  calibrating  or  testing  instruments 
which  were  only  incidental  to  the  problem  in  hand.  The  aim  of 
the  Bureau  is  not  only  to  provide  good  standards  but  to  develop 
better  methods  of  measurement  and  to  assist  the  public  in  every 
way  possible  toward  the  introduction  of  such  methods. 

The  laboratories  of  the  Bureau  are  always  open  to  manu- 
facturers, scientists,  and  others  who  desire  information  or  instruc- 
tion as  to  methods  of  measurements,  physical  constants,  or  of  the 
properties  of  materials.  The  Bureau  receives  daily  many  requests 
for  information  of  this  character,  and  it  is  rapidly  becoming  one  of 
the  most  important  parts  of  its  work. 

The  relation  of  the  Bureau  to  the  manufacture  of  scientific 
instruments  and  measuring  apparatus  is  very  close  and  important. 
It  is  co-operating  wdth  the  makers  of  such  apparatus  in  ever}'  way 
possible;  they  visit  the  Bureau  from  time  to  time  for  suggestions 
and  advice,  and  are  regularly  submitting  apparatus  to  the  Bureau 
for  testing  and  investigation.  The  time  is  not  far  distant  when  our 
makers  of  scientific  apparatus  will  be  supplying  not  only  the  home 
demand  but  foreign  markets. 

The  results  of  the  scientific  investigations  undertaken  by  the 
Bureau  are  published  from  time  to  time  in  the  form  of  bulletins. 
These  are  distributed  to  libraries,  educational  institutions,  scientific 
and  engineering  institutions  and  societies.  Reprints  are  published 
of  each  article  that  appears  in  the  bulletin;  these  are  distributed 
to  such  individuals  as  may  be  directly  interested  in  them. 

In  conclusion,  I  would  state  that  the  B  reau  desires  to 
co-operate  with  the  American  Society  for  Testing  Materials  in 
every  way  possible. 


DISCUSSION. 


Mr.  Skinner, 


The  Chairman. 


Mr.  Stratton. 


Mr.  C.  E.  Skinner. — It  was  my  good  fortune  last  year  to 
visit  not  only  the  Bureau  of  Standards  at  Washington,  but  some 
of  the  similar  institutions  on  the  other  side  of  the  water,  including 
the  National  Physical  Laboratory  of  England,  the  German  Na- 
tional Laboratory  and  a  number  of  laboratories  of  manufacturing 
concerns,  and  it  was  with  increasing  pride  in  our  own  institution, 
which  has  just  been  so  well  described  by  Dr.  Stratton,  that  I  saw 
these  other  places.  They  have  had  a  long  start  in  the  matter  of 
time  over  our  Bureau  of  Standards,  but  I  feel  that  the  work  under- 
taken here  is  on  a  scale  and  covering  ground  that  is  equal  to  the 
work  undertaken  by  any  of  the  foreign  laboratories.  It  seems  to 
me  that  the  Bureau  of  Standards  at  Washington  ought  to  be  a  sort 
of  court  of  final  resort  for  testing  and  testing  methods  for  the 
Society  and  I  make  this  as  a  suggestion,  for  the  consideration  of 
the  Society. 

The  Chairman  (Mr.  Mansfield  Merriman). — At  the  begin- 
ning of  the  paper,  and  again  at  the  close,  a  remark  was  made 
which  indicates  that  this  Bureau  is  conducted  from  the  point  of 
view  of  the  physicist,  the  units  to  be  standardized  being  those  of 
length,  time,  mass  and  angle.  Now  everj^body  connected  with 
this  Society  knows  that  a  unit  of  much  importance  to  engineers 
is  that  of  force;  because  othenvise  we  would  not  be  able  to  test 
materials.  Since  this  Bureau  is  about  to  take  up  the  subject  of 
testing,  I  presume  that  it  will  also  undertake  the  standardization 
of  the  units  of  force. 

Mr.  S.  W.  Stratton. — That  is  cared  for  in  the  Section  of 
Weights  and  Measures.  It  comes  up  in  several  cases  among 
which  is  the  testing  of  barometers  and  the  testing  of  instruments 
for  measuring  force.  I  should  like  to  say  in  response  to  Mr. 
Skinner's  remarks  that  the  Bureau  will  be  pleased  to  co-operate 
with  the  Society  in  assisting  to  carr}^  out  any  experiments  they  may 
devise  and  that  may  properly  come  within  the  scope  of  its  functions, 
and  I  think  the  Bureau  can  receive  a  great  deal  of  assistance  from 
the  members  of  this  Society. 
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Mr.  Edgar  Marburg. — The  suggestion  of  co-operation  of  Mr.  Marburg, 

the  Society  with  the  Bureau  of  Standards,  which  Mr.  Skinner  made 
in  written  form  about  a  year  ago,  impressed  me  favorably  at  the 
time,  and  it  led  directly  to  the  invitation  that  was  extended  to 
Dr.  Stratton  last  year  to  present  a  paper  descriptive  of  the  methods 
and  aims  of  the  Bureau.  In  order  that  the  suggestion,  which 
seems  so  promising,  may  not  be  lost  sight  of,  it  would  seem  desirable 
to  refer  the  matter  to  the  Executive  Committee  for  consideration. 

Mr.  Skinner. — I  desire  to  put  that  in  the  form  of  a  motion.  Mr.  Skinner. 

[The  motion  was  seconded  and  carried.] 


THE  STRUCTURAL  MATERIALS  TESTING  LABORATO- 
RIES, U.  S.  GEOLOGICAL  SURVEY,  ST.  LOUIS, 
MO.,  PROGRESS  DURING  FISCAL  YEAR 
ENDING  JUNE  i,  1907. 

By  Richard  L.  Humphrey. 

The  paper  presented  by  the  writer  at  the  1905  meeting  of 
the  Society  described  the  inauguration  of  the  model  Cement  Testing 
Laborator)'  at  the  Louisiana  Purchase  Exposition  and  its  develop- 
ment into  the  Structural  Materials  Testing  Laboratories  conducted 
under  the  auspices  of  the  United  States  Geological  Survey.  In 
the  paper  presented  at  the  1906  meeting  the  condition  of  the 
laboratories  at  that  time,  and  the  plans  for  the  past  year  were 
set  forth.  It  is  the  purpose  of  this  paper  to  outline  very  briefly 
the  present  equipment,  the  work  accomplished  and  the  plans  for 
future  work. 

The  Structural  Materials  Testing  Laboratories  are  divided 
into  sections  under  the  following  captions: 

Executive.  Fire  Tests. 

Editorial.  Tension,  Shear  and  Compression. 

Computing.  Permeability  and  Waterproofing. 

Field.  Columns. 

Constituent  Materials.       Floor  Slabs. 

Block.  Chemical  Laboratories. 

Beam.  Photographic. 

These  laboratories  are  located  in  Forrest  Park,  St.  Louis,  Mo., 
and  are  housed  in  the  following  buildings : 

In  Fig.  I  is  shown  a  general  view  of  the  laboratories.  The 
low  building  in  the  right  foreground  was  built  at  the  time  of  the 
Expositif)n  by  the  Association  of  American  Portland  Cement 
Manufacturers.  The  center  pavilion,  30  feet  square,  is  used  by 
the  Constituent  Materials  Division;  the  pavilion  on  the  right  is 
used  as  an  office,  while  that  on  the  left  is  used  by  the  Park  Commis- 
sion of  St.  Louis,  to  whom,  at  the  close  of  the  Exposition,  the  entire 
building  was  presented,  and  by  whose  courtesy  the  government 
is  now  using  a  portion  of  it. 

(336) 
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Of  the  two  large  buildings  in  the  background,  that  on  the 
right  is  a  building  60  x  100  ft.  used  during  the  Exposition  as  a 
metal  pavilion,  and  now  used  by  the  Beam,  Tension,  Shear  and 
Compression,  Columns,  and  Permeability  Divisions.  Considerable 
alterations  were  necessar}'  to  put  this  building  into  proper  con- 
dition, a  ceiling  was  built  at  a  12-foot  elevation,  making  available  a 
second  stor}'  the  full  size  of  the  building. 

The  large  steel  skeleton  building  at  the  left  was  used  during 
the  Exposition  as  a  foundry  building  and  had  a  corrugated  iron 
roof  and  walls  of  wire  nettimj.     It  is  now  used  to  house  the  Build- 
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ing  Block,  Constituent  ^Materials,  and  Chemical  Laboratories 
Sections.  It  contains  thirty  bins,  each  of  one-car  capacity,  for 
storing  material,  a  work  shop  containing  machine  lathe,  drill  and 
grinder,  a  blacksmith  shop  and  the  power  equipment  for  operating 
the  laboratories. 

There  is  also  a  small  building  used  by  the  Computing  and 
Drafting  Sections  and  the  South  Dakota  Building  used  by 'the 
Editorial  and  Executive  Sections. 

Constituent  Materials  Sections. 

The  constituent  materials  of  concrete  and  mortar  are  investi- 
gated in  this  Section  for  the  purpose  of  determining  their  suitability 
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for  use  in  mortar  and  concrete.  Samples  of  sand  and  stone  are 
sent  in  by  the  geologist  in  the  field  and  are  investigated  for  the 
percentage  of  voids,  absorption  of  water,  granularmctric  composi- 
tion, specific  gravity,  and  percentage  of  silt.  Frequently,  check 
samples  of  the  materials  used  in  the  Beam  and  Block  Divisions 
are  likewise  examined. 

2-  and  6-in.  cubes,  cylinders  i6  in.  long  and  8  in.  diameter, 
the  standard  tension  brif[uettcs,  beams  13  in.  long  and  i  in.  in 
cross  section,  and  cylinders  6  in.  diameter,  are  moulded  from 
mortar  made  from  the  sands  and  stones.  The  2-  and  6-in.  cubes 
are  tested  for  compressive  strength  only,  while  the  modulus  of 
elasticity  is  determined  on  the  cylinders  of  8  in.  diameter  and  the 
shearing  strength  on  the  cylinders  of  6  in.  diameter.  Two  sizes 
of  the  stones  are  used,  crusher-run  and  then  one-cjuarter  inch. 
The  screenings  are  used  in  the  small  cubes,  the  tension  briquettes 
and  the  small  beams,  while  the  large  material  is  made  up  into  the 
large  cubes  and  the  cylinders.  A  separate  series  of  briquettes, 
small  cubes  and  beams  is  made  of  the  material  screened  to  one 
size,  the  30-40  sieves  used  for  the  sand  and  the  10-20  for  the 
stone.  This  one-sized  material  is  used  in  the  proportions  of 
I  to  3,  while  all  other  mortar  is  mixed  in  the  two  proportions  of 
I  to  3  and  I  to  4.  The  crusher-run  stone  is  made  into  a  concrete 
of  theoretical  proportions  and  of  1-2-4.  Another  scries  of  1-3-5 
mixtures  is  being  added.  The  cement  used  throughout  these 
tests  is  a  thorough  mixture  of  a  number  of  brands.  Fifty  barrels, 
each  from  ten  different  plants,  were  mixed  and  hermetically  sealed 
in  galvanized  iron  cans  of  about  eight  hundred  pounds  capacity. 

The  test  pieces  are  broken  at  7-,  28-,  90-,  180-,  and  360-day 
periods,  and  the  small  ones  are  stored  for  twenty-four  hours  in 
the  moist  closet  and  the  balance  of  the  time  in  running  water  kept 
at  a  temperature  of  70°  F.  The  large  cubes  and  cylinders  are 
stored  in  a  steam  room  and  kept  covered  with  wet  burlap.  Three 
test  pieces  are  broken  at  each  age. 

In  order  that  a  check  may  be  had  upon  the  quality  of  the 
cement  entering  each  test  piece,  a  parallel  series  of  neat  cement 
tests  accompanies  each  mortar  test,  the  neat  tests  pieces  being 
made  up  at  the  same  time  and  by  the  same  operator  as  the  mortar 
test  pieces.  The  cement  is  investigated  according  to  the  methods 
proposed  by  the  Committee  on  Uniform  Methods  of  the  American 
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Society   of    Civil    Engineers.     In    making    tests    on    mortar   to 
investigate  the  quality  of  the  cement  Ottawa  sand  is  used. 

Up  to  the  first  of  the  year  the  following  materials  have  been 
investigated : 

71  samples  of  stone. 
3  samples  of  slag. 
25  samples  of  gravel. 
45  samples  of  sand. 
12  samples  of  cinders. 
225  samples  of  cement. 

One  end  of  the  main  laboratory  of  the  Constituent  Materials 
Division  is  used  for  moulding,  storing  and  testing  of  the  small  mortar 
and  cement  test  pieces,  and  the  testing  of  the  concrete  cubes  and 
cylinders;  while  the  moulding  and  storing  of  the  cubes  and 
cylinders  and  the  various  tests  upon  the  constituent  materials, 
such  as  the  percentage  of  voids,  granularmetric  analysis,  weight 
per  cubic  foot,  specific  gravity,  etc.,  are  made  in  the  old  foundry 
building. 

Block  Sections. 

A  very  complete  series  of  tests  on  building  blocks  has  been 
started.  The  series  now  in  hand  consists  of  moulding  mortar 
blocks  using  the  standard  cement  and  Meremac  River  sand  with 
six  different  types  of  block  machines  and  using  three  consistencies, 
dry,  medium  and  wet,  and  mixing  in  three  proportions,  i  to  3, 
I  to  5  and  I  to  8. 

Cylinders  8  in,  diameter  and  16  in.  long  are  made  from 
each  batch  in  order  to  determine  the  crushing  strength  and  the 
modulus  of  elasticity  of  the  mortar  in  each  case.  The  blocks 
are  stored  under  different  conditions  in  order  to  determine  the 
effect  of  different  methods  of  storage.  Some  are  kept  under  wet 
burlap,  others  are  kept  wet  by  simply  sprinkling,  and  a  third  lot 
are  stored  in  a  steam  room.  They  are  investigated  as  to  their 
fire-resisting  qualities,  transverse  and  crushing  strength.  To 
date  some  five  hundred  blocks  have  been  fired  at  the  Under- 
writers' Laboratories  in  Chicago  and  then  tested  for  transverse 
and  crushing  strength  at  the  Armour  Institute.  About  three 
hundred  blocks  have  been  tested  for  crushing    and  transverse 
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strength  before  bein^  lircd.  In  the  fnv  tests  the  Ijlocks  are  tested 
both  with  and  without  the  subsequent  apphcation  of  water.  The 
blocks  llred  arc  60  days  old,  while  the  other  blocks  are  tested  for 
transverse  and  compressive  strength  at  30,  90,  180,  and  360  days. 
The  blocks  are  moulded  in  the  same  manner  by  the  same  men, 
out  of  identical  materials  in  a  number  of  different  types  of  block 
machines,  and  are  cured  in  various  ways.     Some  2,000  blocks 


Fig.  2. — Furnace  for  Testing  Blocks. 


have  so  far  been  made,  and  about  the  same  number  tested. 
Transverse  tests  arc  made  and  the  two  portions  remaining  are 
tested  for  compressive  strength.  Two  car  loads  of  blocks  have 
been  shipped  to  the  Underwriters'  Laboratories  in  Chicago, 
and  there  tested  in  the  furnace  shown  in  Fig.  2.  In  addition 
to  fire  tests  upon  a  large  number  of  concrete  building  blocks 
made  upon  different  machines  in  different  proportions  and  dif- 
ferent consistencies,  a  series  of  tests  have  been  made  upon  brick, 
terra-cotta,    limestone,    granite,    sandstone,    tile,    marble,    sand, 
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lime,  brick,  etc.  A  few  tests  were  made  on  a  panel  composed 
of  a  combination  of  granite,  limestone,  marble,  sandstone,  etc., 
placed  side  by  side  and  tested  under  exactly  the  same  conditions. 

Beam  Section. 

The  schedule  of  investigations  outlined  for  this  division 
would  probably  recjuire  ten  years  for  completion.  The  series 
now  in  hand  comprises  the  moulding  and  testing  of  some  600  beams, 
the  same  number  of  6- in.  cubes  and  8- in.  cylinders,  and  about 
100  bond  test-pieces.  This  scries  is  sub-divided  into  sub-scries, 
the  first  comprising  unreinforced  beams  composed  of  the  standard 
cement,  Meremac  River  sand  and  four  different  aggregates, 
gravel,  cinders,  limestone  and  granite.  The  proportions  are 
1-2-4  hy  loose  volume.  Thirty-six  beams  are  made  of  each  large 
aggregate;  twelve  of  a  dr}-,  twelve  of  a  medium  and  twelve  of  a 
wet  consistency.  Three  of  each  are  tested  at  28,  90,  180  and  360 
days.  All  the  large  aggregate  is  material  passing  a  one- inch 
screen  and  held  on  a  one-quarter- inch  screen.  A  cube  and  a 
cylinder  are  made  at  the  same  time  and  of  the  same  material 
as  in  each  beam.  The  beams  are  11  in.  deep,  8  in.  wide,  13  ft. 
long,  tested  with  a  span  of  12  ft.  It  will  be  seen  that  in  this 
series  there  are  two  variables  only  at  each  age,  the  coarse  aggregate 
and  the  consistency. 

The  second  sub-series  consists  of  cylinders  only,  made  of  the 
four  aggregates  and  the  three  consistencies  but  mixed  in  theoretical 
proportions.  The  variables  in  this  sub-series  are  the  aggregate 
consistency  and  proportion. 

The  third  sub-series  consists  of  reinforced  concrete  beams 
using  a  medium  consistency,  the  four  aggregates  and  one-half- inch 
round  steel  bars.  The  number  of  bars  to  a  beam  will  range  from 
two  up  to  eight,  giving  percentages  of  steel  to  concrete  from  one- 
half  to  two.  One  set  of  twelve  bond  test  pieces  has  been  made  for 
each  aggregate.  The  variables  in  this  series  are  the  aggregate  and 
the  percentage  of  steel. 

The  fourth  sub-series  consists  of  limestone,  concrete  beams  of 
medium  consistency  only,  but  the  bars  vary  from  one-quarter  up  to 
one  and  one-quarter  inches  in  diameter,  making  the  percentage  of 
steel  and  the  diameter  of  steel  the  variables. 

A  coupon  from  every  bar  of  steel  is  tested  for  elastic  limit, 
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elongation  and  ultimate  strengtli,  and  ever}'  tenth  bar  for  modulus 
of  elasticity.  The  loads  are  applied  at  the  third  points,  and  the 
deformation  of  the  upper  and  lower  fibers,  the  deflection  and  the 
slip  of  rods  are  measured  by  specially  constructed  instruments. 
Steel  moulds  are  used  for  making  beams.  All  test  pieces  are  stored 
in  a  steam  room  and  kept  covered  with  wet  burlap.  The  cylinders 
are  measured  for  modulus  of  elast'city  and  crushing  strength,  and 
the  cubes  for  crushing  strength  alone.  In  this  first  series  the  rods 
are  laid  llat  without  stirrups  or  bending. 

In  the  series  of  beams  moulded  during  the  year  plain  round 
medium  steel  bars  only  were  used.  The  large  aggregate,  the  con- 
sistency, the  percentage  of  steel,  and  the  size  of  the  bars  were 
varied.  The  tests  were  so  grouped  that  not  more  than  two  vari- 
ables occurred  in  any  one  sub-series.  The  proposed  beam  tests 
comprise  a  great  variety  of  different  sorts  of  beams  arranged  in 
groups.  Plans  have  been  made  for  testing  about  i,ooo  beams 
arranged  in  i8  groups.  In  one  of  these  groups  the  beams  will  be 
tested  at  the  early  ages  of  2,  7,  and  14  days;  in  another  group  the 
variables  will  be  the  proportions  (1-4-8,  1-3-6  and  1-1J-3),  the 
aggregate  (gravel  and  limestone),  and  the  percentage  of  reinforce- 
ment, using  one  size  of  round  rock  only.  The  expectation  is  that 
with  one  of  the  percentages  for  each  proportion,  the  compressive 
strength  of  the  concrete  will  be  developed.  Another  group  will  be 
reinforced  with  high  elastic  limit  steel.  One  group  will  consist  of 
beams  of  various  lengths,  in  another  group  diagonal  reinforcement 
will  be  used.  Various  typical  types  of  deformed  bars  will  be  used 
in  one  group,  and  stirrups  in  another.  One  group  of  tests  will  be 
made  for  the  purpose  of  comparing  the  results  obtained  by  beams 
moulded  in  the  steel  moulds  and  those  moulded  in  wooden  moulds. 
A  rather  interesting  group  of  beams  will  be  made  in  wooden  moulds 
and  in  steel  moulds  by  a  gang  of  workmen  obtained  from  a  con- 
tractor engaged  in  concrete  construction  work  in  the  city,  and  will 
parallel  a  group  of  beams  made  at  the  same  time  out  of  the  same 
materials  by  the  government  men.  In  the  Beam  Division  are 
a  100,000-pound  three-screw  testing  machine,  a  200,000-pound 
four-screw  testing  machine,  and  a  200,000-pound  three-screw 
machine.  They  are  all  equipped  with  wings  of  sufficient  length  to 
accommodate  20-foot  beams.  There  is  being  installed  a  600,000- 
pound  machine  capable  of  testing  24-foot  beams  and  columns  of 
30-foot  length. 
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Fig.  3  is  a  view  of  the  storage  room,  sliowing  the  over-head 
trolleys  running  upon  the  lower  flanges  of  steel  I  beams  and  the 
chain  blocks  which  are  used  for  handling  the  beams.  The  beams 
are  made  in  moulds  composed  of  steel  channels.  They  are  allowed 
to  remain  undisturbed  on  the  moulding  floor,  resting  upon  the 
bottom  channel,  until  they  are  sufficiently  strong  to  be  moved  into 
the  storage  room. 

During  the  past  year  over  650  beams,  650  cubes,  900  cylinders 


Fig.  3. — Storage  Room. 

and  200  bond  test  pieces  were  moulded;  and  325  beams,  325  cubes, 
400  cylinders,  50  bond  test  pieces  were  tested.  Also  about  3,000 
pieces  of  steel  were  tested. 

Tension,  Shear  and  Compression  Section. 

In  this  Section  the  coefficient  of  elasticity  in  tension  and  com- 
pression and  the  strength  in  shear  is  determined.  The  modulus 
in  tension  is  determined  on  test  pieces  12  in.  in  section  and  with  a 
gauge  length  of  5  feet  and  of  compression  on  a  16-inch  cylinder 
8  in.  in  diameter. 
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In  Fig.  4  is  shown  a  test  of  the  shearing  strength  of  concrete. 
The  apparatus  is  arranged  so  that  2-,  4-,  6-,  8-,  or  10- in.  sections 
may  be  sheared  from  a  cyhnder  6  in.  in  diameter.  These  shear  tests 
parallel  the  beam  tests.  The  same  material  that  is  used  in  the 
beams  being  moulded  into  cylinders  in  order  that  the  shearing 
strength  of  the  material  may  be  determined.     The  load  is  applied 
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from  the  moving  head  of  the  machine  to  the  cutting  tool  through 
a  spherical  bearing  block. 

Permeability  and  Waterproofing  Section. 

Fig.  5  shows  an  apparatus  in  use  for  investigating  the  per- 
meability of  mortars  and  concretes.  Disks  seven  inches  in  diam- 
eter, of  various  thicknesses,  are  moulded  in  iron  rings  and  bolted  in 
the  castings  shown  in  the  illustration.  They  are  then  coupled  to 
the  piping  and  the  air  compressed  in  the  large  tank  by  an  air  com- 
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pressor  in  another  part  of  the  building  forces  the  water  through 
the  disk  of  concrete  under  any  pressure  desired.  The  copper 
cylinder  hanging  below  the  disk  catches  the  water  that  ])asses 
through,  the  weight  of  which  may  be  determined  by  lowering  the 


Fig.  5. — Permeability  Apparatus. 

cylinder  upon  the  scale  pan.  Plain  mortars  and  concretes  •  and 
those  treated  with  a  great  variety  of  waterproofing  compounds, 
both  those  which  are  incorporated  in  the  concrete  and  those  which 
are  applied  as  a  surface  coating,  arc  being  tested.  These  com- 
pounds are  purchased  in  the  open  market.  About  550  of  these 
test  pieces  have  been  made  up  and  are  being  tested  at  different  ages. 


346    Humphrey  on  Government  Testing  Laboratories. 

Column  Section. 

Upon  the  installation  of  the  600,000-pound  testing  machine  an 
elaborate  series  of  tests  will  be  started.  The  first  schedule  pro- 
vides for  255  columns.  These  are  grouped,  as  were  the  beams,  in 
such  a  way  that  not  more  than  two  or  three  variables  will  exist  in 
any  one  group.  The  series  will  be  started  by  a  test  of  unreinforced 
mortar  columns,  both  round  and  square,  of  10,  15  and  20  ft.  lengths 
and  different  proportions.  This  will  be  followed  by  the  reinforced 
columns  with  longitudinal  reinforcement  only,  lateral  reinforce- 
ment only,  and  a  combination  of  the  two.  A  variable  in  this  group 
will  be  the  elastic  limit  of  the  steel. 

Floor  Slab  Section. 

Tests  are  soon  to  be  started  on  20  x  20  ft.  and  16  x  16  ft.  floor 
slabs,  plain  and  reinforced,  flat  and  arched.  One  group  of  tests 
will  be  upon  reinforced  slabs  supported  at  the  four  corners  only, 
another  upon  slabs  supported  by  beams  on  two  sides,  another  upon 
slabs  supported  on  all  sides,  and  still  another  upon  slabs  sup- 
ported on  all  sides  and  by  an  intermediate  beam  framing. 

Chemical  Laboratories  Section. 

In  the  Chemical  Laboratories  Section  all  the  material  used  in 
the  Constituent  Materials  Section  is  chemically  analyzed,  including 
the  silt  obtained  from  the  stones  and  cement.  All  the  steel  used  in 
the  reinforcement  is  chemically  analyzed.  In  addition  to  this 
work,  samples  of  cement  and  cement-making  materials  are  analyzed 
for  the  reclamation  service.  A  special  series  of  tests  to  determine 
the  best  method  of  making  specific  gravity  tests  on  cement  is 
being  carried  on. 

To  the  first  of  the  year  silt  from  32  samples  of  gravel,  50  of 
cinders,  142  of  stone  and  30  of  slag  have  been  analyzed,  together 
with  220  samples  of  cement. 

A  petrographic  sub-division  of  this  Section  is  about  to  be 
inaugurated.  Sections  of  stone,  hardened  cement  and  mortar 
will  be  made  and  photographed.  This  division  will  also  have 
charge  of  cutting  cubes  from  blocks  of  stone  which  are  sent  in  by 
the  field  division  from  the  quarries  from  which  the  crushed  mate- 
rial is  obtained.  These  cubes  will -be  tested  for  crushing  strength 
and  absorption. 
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Photographic  Section. 

The  photographer  employed  makes  photographs  of  each 
beam  when  being  tested  in  order  to  show  the  position  and  appear- 
ances of  the  early  cracks,  and  also  the  manner  of  ultimate  failure. 

Field  Section. 

A  geologist  visits  various  centers  of  building  activity,  inspects 
quarries  or  other  sources  of  supplies  of  the  sands  and  stones  used 
for  making  mortar  and  concrete  in  these  centers,  and  sends  samples 
to  the  Constituent  ^Materials  Section  for  investigation. 

Computing  and  Editorial  Sections. 

The  results  obtained  in  all  the  Sections  are  sent  to  the  Com- 
puting Section  where  they  arc  thoroughly  computed  and  tabulated. 
All  records  are  kept  by  a  xery  thorough  and  complete  card  tiling 
system,  and  the  time  occupied  by  each  man  in  making  all  classes 
of  tests  is  recorded,  so  that  at  any  moment  the  cost  of  making  any 
test  can  be  ascertained  and  at  the  same  time  a  check  kept  upon  the 
variation  of  cost  from  week  to  week. 

The  force  consists  of  about  sixty-five  men  and  is  well  organ- 
ized. The  work  is  under  the  super\'ision  of  a  consulting  expert, 
and  the  details  of  the  work  looked  after  by  an  assistant  engineer 
in  general  charge  with  an  assistant  engineer  in  charge  of  each 
section. 

In  all  the  concrete  tests  the  greatest  care  is  used  in  having  the 
materials  of  uniform  quality  so  that  when  these  qualities  are  once 
determined  they  may  be  considered  consistent  quantities  in  com- 
paring one  set  of  tests  with  another.  The  cement  used  is  a 
thorough  mixture  of  a  large  number  of  standard  brands  from  all 
over  the  countr}%  that  now  in  use  being  a  mb^ture  of  18  brands. 
This  mixture  is  stored  in  galvanized  iron  cans  of  about  8co  pounds 
capacity  with  lids  so  arranged  that  they  may  be  sealed  until  ready 
for  use.  The  cement  in  each  can  is  tested  immediately  after  being 
mixed  and  when  used.  The  same  sand  is  used  throughout  all  the 
concretes.  It  is  a  sand  donated  to  the  laboratories  in  large  quan- 
tities by  a  company  operating  on  the  Meremac  River  near  St. 
Louis. 

All  the  steel  used  in  the  reinforcement  is  selected  by  repre- 
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sentativcs  of  the  laboratories  who  make  tests  upon  the  steel  at  the 
steel  works  before  tlie  bars  are  accepted. 

The  three  consistencies  used  in  the  first  series  of  beam  and 
block  tests,  termed  "wet,"  "medium"  and  "dr\%"  were  carefully 
determined  in  advance  of  the  tests.  The  sand  and  large  aggre- 
gates are  tested  each  morning  to  determine  the  percentage  of 
moisture  contained  in  them,  in  order  that  the  proper  amount  of 
water,  in  addition  to  that  already  contained  in  the  material,  may 
be  added  to  bring  the  concrete  to  the  required  consistency. 

All  concrete  is  mixed  in  a  machine  mixer  of  the  rotating  cubical 
ty{)e.  Three  of  these  mixers  are  in  use,  one  by  the  Beam  Division, 
one  bv  the  Constituent  Materials  Division  and  one  by  the  Building 
Block  Division. 

Since  the  beginning  of  the  work  at  the  Exposition  over  35,000 
investigations  have  been  made. 


SOME   AVOIDABLE   CAUSES   OF   VARIATION   IN 
CEMENT  TESTING. 

By  Ernest  B.  McCready. 

The  continued  wonderful  growth  of  the  cement  industry  adds 
increasing  emphasis  to  the  necessity  for  a  uniform  standard  of  tests 
and  a  more  general  adherence  thereto.  The  first  has  already  been 
provided  through  the  efforts  of  this  Society  and  its  co-workers. 
The  realization  of  the  latter  is,  in  some  respects,  still  a  long  way  off. 

Uniformity  in  the  grade  and  quality  of  the  cement  itself  will 
never  be  possible.  There  will  always  be  grades  in  cement  just  as 
there  are  grades  in  pig  iron.  The  fact  is  not  yet  generally  recog- 
nized that  cement  is  not,  like  sugar  and  salt,  a  standard  commodity 
of  uniform  value  so  long  as  it  is  unadulterated  with  some  foreign 
material.  Cement  is  more  nearly  comparable  to  the  breed  or  cake 
or  confection  (to  carry  out  the  figure)  and  its  quality  depends  as 
much  on  the  kind  and  character  of  the  raw  materials  as  on  the  skill 
of  the  cook.  What  we  need  to  know  now  is  not  so  much  whether 
the  food  is  fit  to  eat  but  rather  which  food  is  best  suited  to  our 
needs.  Our  tests  must  do  more  than  differentiate  between  that 
which  is  merely  good  and  any  that  may  be  positively  bad.  Our  aim 
for  the  future  must  be  to  give  a  correct  value  to  the  grade  of  material 
we  are  testing.  This  can  only  be  done  by  treating  each  sample  as 
every  other  sample  is  treated,  so  far  as  practicable,  making  the 
necessar}'  variations  only  according  to  fixed  rules. 

The  valuable  work  done  by  this  Society  in  formulating,  adopt- 
ing and  recommending  for  general  use  uniform  methods  of  pro- 
cedure in  carr}ing  out  the  more  common  tests  on  cement,  have 
accomplished  much  towards  this  end.  But  while  progress  has 
undoubtedly  been  made  in  this  direction,  very  much  more  remains 
to  be  done.  Many  differences  of  method  still  exist  and  many 
testers  cannot  or  will  not  recognize  the  necessity  for  a  change. 

In  the  conduct  of  a  commercial  laborator}^  probably  more  than 
in  any  other,  these  facts  and  the  desirability  of  uniform  standards 
are  constantly  being  emphasized.     The  manufacturer  has  to  con- 
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tend  with  the  notions  and  peculiarities  of  various  engineers  and 
consumers.  The  commercial  laboratory  has  to  do  not  only  with 
these  but  also  with  the  idiosyncracies  of  the  manufacturer  as  wcW. 
The  problem  of  harmonizing  these  discordant  elements  is  the  one 
that  must  be  faced  and  solved  first  of  all.  It  is  the  purpose  of  this 
paper  to  point  out  only  a  few  sources  of  difference  and  contention 
(or  at  least  of  misunderstanding)  which  might  easily  be  avoided  by 
the  general  acceptance  of  a  common  ground  on  which  all  parties  are 
ivilling  to  stand. 

It  is  probable  that  the  question  of  tensile  strength  has  to  do, 
in  some  form,  with  more  disputes  concerning  cements  than  any 
other  test.  Such  differences  are  usually  ascribed  to  that  con- 
venient scapegoat,  the  "personal  equation,"  which,  although  it  is 
often  the  source  of  decided  differences,  is  by  no  means  the  most 
troublesome  factor  with  which  we  have  to  deal  at  the  present  time. 
Many  trials  have  shown  that  men  working  side  by  side  do  get 
closely  agreeing  results  when  the  work  is  done  with  reasonable  care 
and  intelligence.  It  is  equally  true  that  results  from  different 
laboratories  often  disagree  more  than  would  seem  to  be  possible 
on  the  same  cement.  A  study  of  the  reasons  for  such  differences 
and  the  conditions  which  produce  them  is  interesting. 

There  are  probably  not  more  than  half  a  dozen  laboratories  in 
which  there  is  any  earnest,  careful  effort  to  carry  out  every  opera- 
tion in  accordance  with  the  directions  adopted  and  promulgated  by 
this  Society.  On  the  other  hand,  there  are  laboratories  where 
absolutely  no  effort  is  made  to  conform  to  these  requirements. 
And  it  is  a  fact  that  there  are  cement  testers  in  competent  charge 
who  have  never  read  over  or  even  heard  of  these  Standard 
Methods. 

The  reason  for  this  state  of  affairs  is  not  hard  to  find.  The 
fact  that  any  other  brand  of  cement  had  reached  a  given  strength 
in  somebody's  laborator)'  tests  makes  it  incumbent  upon  the  sale 
agents  of  each  new  brand  to  show  that  their  cement  can  do  as  well 
or  even  a  little  better.  When  some  engineer  reports  that  he  has 
made  some  tests  and  that  he  gets  the  best  results  on  a  cement  whose 
strength  is  limited  at  seven  days,  and  always  specifies  such  cement, 
it  immediately  becomes  the  fashion  for  engineers,  without  further 
investigation,  to  write  in  their  specifications  a  limit  to  the  tensile 
strength  or  else  a  specified  minimum  rate  at  which  the  cement 
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shall  harden  or  both.  Again,  it  is  "  up  to  "  the  manufacturer.  He 
must  prove  by  his  own  tests  at  least,  that  his  cement  will  do  as  it  is 
told  if  he  expects  to  bid  under  these  specifications.  So,  nothing 
matters  but  results.  No  mention  is  made  of  the  methods  or  condi- 
tions under  which  the  tests  are  made.  Hence  we  have  this  state  of 
affairs;  in  the  laboratories  of  various  manufacturers  we  find  that 
"normal  consistency,"  or  its  equivalent,  means  anything  from  a 
paste  so  wet  that  it  can  be  stirred  up  (gauged?)  and  filled  into  the 
molds  with  a  spoon  or  loiife  in  less  than  a  minute,  to  a  paste  almost 
or  quite  as  dry  as  is  commonly  used  with  the  Bochme  hammer  and 
which  is  compacted  in  the  molds  with  wooden  tampers  or  with  an 
iron  form  and  a  hammer. 

It  is  not  surprising,  then,  to  find  that  an  appHcation  of  the 
Standard  ^Methods  in  treating  these  different  brands  results,  on  the 
one  hand,  in  higher  short  time  tests  than  those  obtained  by  the 
manufacturer  and  consequently  a  smaller  gain  in  strength  as 
measured  by  percentage,  while  the  same  relative  treatment  applied 
to  another  brand  gives  results  considerably  lower  than  the  strength 
claimed  for  it. 

It  is  sometimes  argued  that  it  is  not  fair  to  treat  all  brands 
ahke,  and  the  reasons  advanced  seem  plausible;  but,  the  user 
makes  no  difference  in  his  treatment  of  dift'erent  brands  and  indeed 
it  would  be  impracticable  to  follow  out  the  minute  changes  neces- 
sary^ to  allow  for  the  pecuHarities  of  various  brands.  We  must  not 
lose  sight  of  the  fact  that  the  object  of  testing  cement  is  to  get  in- 
formation as  to  its  comparative  behavior  under  uniform  conditions. 
We  all  know  that  our  test  methods  are  arbitrary.  This  has  been 
said  so  often  that  it  is  becoming  trite.  But  until  the  recognized 
standard  of  measurement  is  changed  by  common  consent  to 
something  better,  it  surely  behooves  us  all  to  "measure  by  the 
stick." 

In  many  laboratories  the  effect  of  temperature  on  the  results 
is  practically  ignored  and  in  only  a  few  is  aiiy  attempt  made  to 
keep  the  temperature  uniform.  Any  room  that  can  be  spared  in 
any  part  of  a  building  is  often  considered  good  enough  for  a  lab- 
oratory. Not  long  since  the  tests  on  the  cement  for  an  important 
work  were  carried  on  by  the  inspector  in  a  small  closet  without 
ventilation  and  necessitating  the  use  of  artificial  light  continually. 
It  is  not  necessary  to  add  that  the  cement  was  often  found  to  be 
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quick-setling.  In  a  cold  laboraton-,  on  the  other  hand,  an  actually 
quick-setting  tendency,  which  might  lead  to  serious  trouble  on 
the  work,  is  likely  to  be  overlooked. 

Briquettes  of  different  ages  are  often  stored  in  different  rooms. 
Frequently  only  those  to  be  broken  at  seven  and  twenty-eight 
days  are  kept  in  a  heated  room,  the  longer  time  briquettes  being 
stored  in  a  cellar  or  other  convenient  place,  in  water  which  is" 
seldom  or  never  renewed  and  taken  therefrom  at  a  temperature 
of  perhaps  40°  F.  or  less  in  winter  time  and  immediately  broken. 
The  results  are  recorded  without  comment  and  at  some  later  time 
are  serenely  compared  and  averaged  with  others  broken,  perhaps, 
in  midsummer  under  exactly  opposite  conditions,  and  the  cement 
gets  all  the  credit  or  blame,  as  the  case  may  be,  according  to  the 
showing. 

Occasionally  laboratories  built  for  the  special  purpose, 
light  frame  structures,  perhaps,  while  otherwise  well  equipped 
and  well  suited  for  the  purpose,  are  turned  into  veritable  ovens 
in  summer  time  by  a  low  tin  or  other  flat  roof. 

The  writer  has  several  times  been  called  upon  to  determine 
the  reason  for  abnormal  differences  in  the  results  of  different 
laboratories.  In  one  instance  a  chronic  case  of  lack  of  gain  or 
else  retrogression  at  twenty-eight  days  was  traced  to  a  laboratory 
temperature  which  so  hastened  the  hardening  of  the  test  pieces 
that  practically  the  full  ultimate  tensile  strength  was  developed 
at  seven  days  or  less,  while  the  continued  high  temperature  of 
90°  to  95°  really  produced  before  the  end  of  twenty-eight  days 
much  the  same  effect  as  an  accelerated  test  would  have  shown 
in  a  few  hours.  The  hydration  of  any  small  quantity  of  uncom- 
bincd  hme  present  was  hastened,  causing  a  falling  off  in  strength, 
which  normally  might  not  have  appeared  until  a  year  or  more 
later. 

In  another  case  in  mind,  a  finely  ground,  slow  setting  cement 
was  rendered  so  much  slower  by  a  laboratory  temperature  of  60° 
F.  and  cold  gauge  water  that  the  24-hour  briquettes  showed  only 
about  half  the  strength  required  by  specification;  and  after 
six  days  immersion  in  water  at  60°  or  less  the  strength  was  still 
below  specification  requirements,  both  neat  and  sand.  The 
cement  itself  was  perfectly  normal  except  in  setting  time  as  just 
noted  which  was  about  seven  hours  under  normal  conditions. 
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These  cases  serve  to  illustrate  the  extremes  and  all  possible 
variations  between  that  are  constantly  being  brought  to  the  atten- 
tion of  the  manufacturer  and  the  commercial  laborator}^ 

There  is  much  more  to  be  standardized  than  the  mere  manual 
procedure  of  testing.  Engineers  need  to  recognize  the  fact  that 
it  is  unfair  to  pick  out  what  they  conceive  to  be  the  "good"  points 
of  several  different  brands  and  apply  them  as  a  measure  to  all 
brands  which  they  may  use.  They  should  remember  that  high 
neat  tests  do  not  usually  mean  correspondingly  high  sand  tests; 
that  fine  grinding  is  not  often  consistent  with  high  neat  tests;  that 
because  one  laboratory-  reports  a  certain  percentage  gain  on  one 
brand  is  no  reason  why  anyone  should  require  the  same  gain  from 
some  other  brand  and  especially  without  inquiry  as  to  the  method 
of  manufacture  and  testing  which  produced  these  results. 

There  is  obviously  a  limit  to  the  tensile  strength  of  Portland 
cement  and  the  nearer  chis  limit  is  approached  at  seven  days,  the 
less  possibility  remains  for  much  gain  thereafter.  And  no  tests 
have  ever  shown  that  this  fact  of  itself  renders  a  cement  less 
desirable  than  one  whose  seven-day  strength  is  so  low  that  it  can 
gain  largely  up  to  twenty-eight  days  or  longer.  For  most  modem 
work  the  former  would  seem  to  be  the  more  desirable  cement. 
Any  marked  retrogression  in  cither  case  is  due  largely  if  not  wholly 
to  details  in  manufacture.  In  fact  it  is  the  writer's  experience  that 
nearly  all  cements  which  at  any  time  fall  off  to  or  below  seven- 
day  strength  are  those  which  are  known  to  be  imsoimd  when  tested 
or  not  properly  burned,  and  this  occurs  most  frequently  with  low- 
pulling,  light-burned  cements. 

There  is  much  room  for  education  on  the  part  of  the  cement 
user.  He  needs  to  Imow,  first  of  all,  what  he  really  wants  in 
a  cement, — that  is  what  properties  are  of  special  value  in  his 
work.  With  this  Icnowledge  will  come  a  better  reahzation  of  the 
necessity  not  only  for  uniform  methods  but  what  is  more  to  the 
point, — uniform  tests.  When  he  reaUzes  that  because  one  brand 
does  not  harden  quite  so  rapidly  as  another,  it  is  not  necessa-rily 
inferior  for  the  average  piece  of  work;  and  that  the  cement  which 
fails  to  gain  12  or  15  per  cent,  over  900  pounds  from  seven  to 
twentv-eight  days  is  not  likely  to  suffer  by  comparison  with  average 
cements  in  any  other  way;  that  when  properly  made  and  seasoned 
these  cements  are  equally  good  for  most  ordinary  work  (although 
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one  or  the  other  may  be  superior  for  some  special  work) ;  when 
these  facts  are  generally  understood  and  appreciated  there  will 
be  no  reason  for  a  manufacturer  to  modify  his  test  methods  so  as 
to  make  a  given  showing, — to  obtain  predetermined  results, — 
and  uniform  tests  will  be  advanced  a  long  way  and  the  manufac- 
turer will  be  the  first  to  hail  such  a  condition. 

[For  Discussion  'of  this  paper,  see  page  360. 


SOME  PROBLEMS  OF  A  CEMENT  INSPECTING 
LABORATORY. 

By  R.  S.  Greenman. 

In  considering  this  topic,  tliis  paper  will  discuss  the  problems 
of  the  laboratory  which  inspects  cement  proposed  for  use  on  work, 
rather  than  those  of  the  laboratories  of  the  cement  mills  or  of  those 
laboratories  where  cement  is  tested  theoretically  or  experimentally. 
Of  course  there  are  kindred  ties  between  these  laboratories,  and 
all  may  be  working  under  the  same  general  methods,  and  yet 
between  them  there  may  be  a  considerable  difference.  These 
problems  are  not  extraordinary  ones  but  are  such  as  one  in  charge 
of  an  inspecting  laboratory'  often  has  to  meet  and  which  it  is  nec- 
essary for  him  to  use  time,  experience  and  tact  in  tr}'ing  to  solve. 

The  work  of  most  mill  laboratories  is  usually  that  of  testing 
only  the  product  of  the  mill,  and  in  a  certain  sense  it  becomes 
strictly  routine  with  only  occasionally  a  problem  for  consideration ; 
the  problems  of  theories  and  of  experiments  interest  other  labora- 
tory workers;  but  a  labora  tor}' which  inspects  and  tests  a  great  num- 
ber of  samples  representing  large  quantities  of  cement  of  many 
different  brands  meets  conditions  which  are  perplexing  and  oft- 
times  are  far  from  easy  solution.  Possibly  some  of  these  can  not 
be  called  problems  and  yet  they  are  so  out  of  routine  work  that 
they  have  to  have  special  attention. 

Theoretically  it  would  seem  that  there  should  be  no  need 
for  inspecting  laboratories,  for  do  not  the  cement  mills  test  and 
examine  all  cement  made  and  shipped?  And  yet,  what  inspecting 
laborator}^  does  not  find  that  large  numbers  of  samples  of  poor 
cement  are  submitted  for  tests.  Just  why  it  is  so  is  not  readily 
explained.  It  must  be  that  sometimes  the  mill  laborator}'  must 
make  a  mistake,  for  it  would  be  uncharitable  to  call  the  presence 
of  poor  cement  on  the  market  the  result  of  deliberate  intention. 
So,  in  considering  this  subject,  we  will  have  to  consider  the  inspect- 
ing laboratory  as  being  a  check  on  the  mill  laboraton",  and 
although  both  may  be  working  under  similar  methods,  it  is  possible 
to  find  many  differences  in  their  results.     The  very  fact  that  such 
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differences  do  occur  is  the  cause  of  the  greatest  annoyance  to  the 
inspecting  laboratory.  There  seems  to  be  too  general  suspicion 
among  representatives  of  the  cement  companies  that  a  rejection 
of  a  lot  of  cement  by  an  inspecting  laboratory  means  one  of  two 
things: — either  that  the  tests  are  crude  and  made  by  ignorant 
persons  who  do  not  understand  the  first  principles  of  cement 
testing,  or  that  there  is  some  hidden  reason  for  making  trouble  for 
the  company  manufacturing  the  cement. 

It  is  perfectly  natural  for  the  cement  company,  when  their 
tests  show  the  cement  to  be  all  right,  to  feel  some  resentment  at 
a  rejection  of  their  product,  but  as  long  as  a  human  being  is  hable 
to  err,  as  long  as  there  are  no  methods  of  testing  that  have  absolutely 
no  faults  or  weak  spots,  and  just  as  long  as  inspecting  labor- 
atories find  poor  cement,  just  so  long  should  the  question  first  be 
raised  "Where  is  the  mistake,  in  our  laboratory^  or  in  the  inspecting 
laboratory?"  Both  laboratories  have  a  chance  of  making  the 
error.  The  inspecting  laborator\-,  before  rejecting,  should  make 
check  tests;  the  cement's  representatives,  before  criticizing,  should 
learn  the  real  conditions  of  the  case  and  after  obtaining  such 
knowledge  should  then  be  fair  in  their  judgment.  An  illustration 
would  perhaps  help  bring  out  the  thought.  All  cement  to  be  used 
on  state  work  of  any  nature  in  the  State  of  New  York  has  to  be 
tested  in  the  laboratory  of  the  State  Engineer  and  Surveyor.  A 
shipment  of  cement  for  use  on  some  state  buildings  was  rejected. 
The  representatives  of  the  cement  insisted  that  the  cement  was 
good  and  had  been  unfairly  tested  by  the  state's  testers;  they 
threatened  to  compel,  by  means  of  the  courts,  the  use  of  the 
cement.  The  whole  case  was  the  cause  of  a  considerable  contro- 
versy and  finally  check  tests  were  made  by  the  president  of  the 
cement  company  on  one  hand  and  by  the  writer  on  the  other. 
The  writer's  tests  were  found  to  give  true  results.  The  outcome 
of  the  whole  case  was  that  the  cement  company  found  a  dehberate 
error  in  their  o\mi  laboratory,  apologies  were  made  and  the  cement 
removed  from  the  work.  It  should  be  stated  that  this  feeling  of 
suspicion,  or  opposition,  is  generally  between  those  laboratories 
of  both  classes  which  have  never  had  occasion  to  come  into  a  posi- 
tion of  mutual  understanding;  and  that  the  tendency  seems  to  be 
toward  recognizing  the  inspecting  laboratory  as  having  the  best 
of  motives,  methods,  and  men. 


Greenman  on  Cement  Inspecting  Problems.        357 

Some  of  the  differences  between  these  laboratories  are  already 
receiving  due  consideration  from  the  best  sources.  Take  for 
example  the  matter  of  making  the  tests  for  fineness.  Uniform 
methods  and  uniform  requirements  have  amounted  to  nothing 
when  it  was  impossible  to  get  uniform  sieves.  One  of  the  hardest 
problems  has  been  to  secure  a  sieve  of  a  standard  mesh  and  wire. 
As  an  example  to  illustrate  this  point: — Some  time  ago,  some 
cement  on  a  large  piece  of  work  was  running  ver\'  coarse.  The 
first  time  this  occurred  the  cement  was  accepted  with  a  protest  to 
the  manufacturers  that  the  cement  would  be  rejected  if  it  continued 
coarse.  Well,  it  did,  and  a  car-lot  was  rejected;  and  the  result 
was  that  a  representative  of  the  company  visited  the  inspecting 
laboratoiy  and  protested  against  their  sieves;  he  also  brought 
his  own  standard  sieve.  Tests  showed  a  difference  in  amount 
passing  the  No.  100  sieves  of  over  five  per  cent.  Sieves  of  both 
parties  had  been  bought  as  being  standard.  The  manufacturer 
of  the  cement  had  a  sieve  which  upon  examination  showed  92 
meshes  per  linear  inch  while  the  inspecting  liborator}^  sieve  was 
102  meshes  per  linear  inch.  This  experience  is  not  different  from 
that  many  have  had,  but  it  emphasizes  the  need  of  getting  together. 
This  problem  of  sieves,  however,  is  being  solved  since  it  has 
become  possible  through  the  Committee  on  Teclmical  Research  of 
the  Association  of  American  Portland  Cement  Manufacturers  to 
secure  sieves  that  are  truly  standard. 

Another  problem  of  the  inspecting  laborator}-  is  in  regard 
to  tests  for  set.  It  seems  that  quite  frequently  a  cement,  that 
in  tests  made  at  the  mill  will  show  it  to  be  a  normal  setting  cement, 
will,  when  sampled  upon  the  work  and  tested  in  the  laboratory, 
show  it  to  be  a  quick  setting  cement.  While  it  is  kiiowTi  th  t 
temperature  affects  the  setting  of  cement,  still  tests  made  at  dif- 
ferent temperatures  with  cement,  air  and  water,  all  at  the  same 
temperature,  will  frequently  show  the  flash  set.  A  cement  that 
will  take  an  initial  set  in  three  minutes  and  a  hard  set  in  five  min- 
utes has  something  radically  wrong;  it  is  not  a  matter  of  tempera- 
ture, or  of  consistency,  as  is  usually  claimed;  but  rather,  we 
usually  find  it  to  lack  a  proper  amount  of  added  g}'psum.  The 
cement  has,  however,  passed  the  mill  laboratory  tests  and  there  is, 
therefore,  a  resulting  controversy  between  the  two  parties. 

Tests  for  tensile  strength  we  all  know  will  van'  in  the  same 
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and  in  diflcrcnt  laboratories,  so  differences  of  opinion  as  to  strength 
should  be  dealt  with  by  having  a  re-test  made  in  the  inspecting 
laborator}'  with  representatives  of  the  manufacturers  of  the  cement 
to  watch  and  inspect  the  making  of  the  tests.  It  becomes  one 
of  the  problems,  however,  of  the  inspecting  laboratory  how  to 
treat  cement  fairly  from  the  point  of  view  of  both  the  user  and 
manufacturer  and  yet  not  use  too  great  force  in  molding  the 
briquette.  A  good  square  test  for  strength  without  aiming  to 
obtain  abnormal  results  should  be  the  intent  of  the  inspecting  labor- 
ator}\  How  to  do  this  is  the  problem.  We  have  prescribed  a 
standard  method  of  mixing  the  mortar  and  of  molding  the 
briquette;  and  although  the  intent  may  be  there  to  follow  minutely 
the  standard  method,  it  often  happens  that  a  cement  which  is  just 
near  the  required  strength  can  be  made  to  pass  or  fail  because  of 
die  personal  equation  in  the  work  of  the  operator.  It  is  this  con- 
dition which  causes  trouble;  and,  as  has  been  suggested,  here  is 
the  opportunity  for  a  mutual  test  and  no  misunderstanding. 

It  is  also  a  live  question  as  to  what  an  inspecting  laboratory 
should  do  in  regard  to  the  kind  of  sand  to  use  in  making  standard 
tests.  Of  course  we  know  that  the  "Ottawa"  sand  has  been 
recommended;  we  also  know  that  comparatively  few  laboratories 
are  using  it.  It  must  also  be  considered  that  the  "Ottawa"  sand 
makes  a  denser  and  stronger  briquette;  and  that  because  it  does 
do  so,  it  is  necessar)',  before  its  use  can  be  adopted,  to  have  a  large 
series  of  tests  with  all  brands  of  cements  in  order  that  the  inspect- 
ing laborator}'  may  obtain  the  relative  value  of  the  sands  under 
its  owTi  tests.  By  using  the  same  requirements  with  the  new  sand 
as  with  the  old,  there  would  frequently  pass  a  cement  that  would 
have  failed  with  the  quartz  sand.  So,  in  other  words,  it  is  neces- 
sary to  raise  the  requirements,  but  just  how  much  is  fair  is  the 
question. 

"Green"  or  "uncurcd"  cement  is  also  a  condition  that 
causes  difference  of  opinion;  but  while  the  difference  is  being 
discussed,  the  cement  may  have  improved,  so  this  is  not  a  very 
serious  problem  although  it  often  produces  much  annoyance  to 
the  contractors  because  of  the  delay. 

The  mspecting  laboratory,  too,  has  the  same  problem  to 
deal  with  that  mill  representatives  have  in  regard  to  the  ignorance 
of  users  of  cement  who  often  have  crude  ideas  of  cement  testing  and 
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who  make  crude  or  field  tests  of  cement.  These  persons,  some- 
times they  may  be  engineers,  will  not  know  the  characteristics  of 
the  cement  they  are  using  and  will  imagine  something  wrong  with 
good  cement.     Their  crude  tests  will  perhaps  confirm  their  ideas. 

Proper  sampling  of  cement  is  also  hard  to  obtain.  Recently 
we  received  a  lot  of  twelve  samples,  supposedly  taken  from  ever}' 
tenth  barrel  of  a  lot  of  120  barrels.  The  cement  had  a  "flash" 
set  and  was  rejected.  A  duplicate  lot  of  twelve  samples,  taken  from 
the  same  lot  of  cement,  were  slow  setting  and  considerably  darker 
in  color  than  the  first  samples.  Upon  inquiry  as  to  what  this 
difference  in  color  might  indicate  as  to  the  sampling,  the  reply 
contained  the  suggestion — "The  cement  left  over  in  the  labor- 
atory from  the  testing  of  the  original  samples  had,  through  exposure 
to  the  atmosphere,  undoubtedly  'bleached  out'  ". 

It  might  be  said  that  a  proper  interpretation  of  specifications 
for  cement  is  a  serious  problem.  Shall  the  interpretation  be  literal 
or  liberal  ?  It  stands  to  reason  that,  if,  for  example,  tests  of  cement 
show  the  cement  to  be  good  in  all  the  requirements  except  fineness, 
the  cement  could  be  used  without  harm  to  the  work.  On  the 
other  hand,  if  the  use  of  this  cement  is  permitted,  how  is  it  going 
to  be  possible  to  strictly  draw  a  line  in  other  particulars  ? 

The  inspecting  laboratory  is  in  existence  to  protect  the 
interests  of  the  user  of  cement  and  all  the  questions  before  it  have 
to  be  considered  from  the  point  of  view  of  such  user  and  all  other 
views  must  be  secondary,  but  should  be  treated  with  the  idea  of 
having  a  "square  deal"  for  all. 

[For  Discussion  of  this  paper,  see  page  360.] 
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Mr.  McCready.  Mr.  E.  B.  McCready. — There  IS  much  that  I  would  like  to 

say  in  this  discussion,  because  the  subject  is  such  a  fruitful  one;  it 
has  so  much  of  interest  to  those  engaged  every  day  in  this  particular 
line  of  work.  1  shall  confine  myself,  however,  to  but  one  or  two 
points  which  appeal  most  strongly  to  me. 

But  first  I  would  like  to  say  that  I  do  not  want  Mr.  Greenman 
to  rest  under  the  impression,  which  his  parenthetical  remarks  on 
my  paper  would  seem  to  indicate,  that  I  was  making  reflections  on 
the  private  laboratory  of  the  consumer,  especially.  The  moral  of 
my  remarks  was  pointed  quite  as  much  at  the  laboratory  of  the 
manufacturer.  It  was  simply  "for  him  whom  the  shoe  fits". 
I  know  from  personal  experience  and  my  own  observation  that 
there  are  imperfections  on  both  sides. 

The  manufacturer  "lives,  moves  and  has  his  being"  on  a 
plane  different  and  distinct  from  that  which  bounds  the  horizon  of 
the  consumer.  The  two  are  sometimes  very  near,  sometimes 
widely  separated.  Each  has  studied,  experimented  and  become 
more  or  less  familiar  with  conditions  as  they  have  appeared  from 
his  point  of  view.  It  should  be  the  aim  of  each,  always  to  be  able 
to  put  himself  in  the  other's  place;  to  have  a  better  appreciation 
and  realization  of  the  problems  and  conditions  which  confront  the 
other. 

As  a  matter  of  fact,  the  attainment  of  this  broad  view  is  largely 
impossible  to  more  than  a  few.  The  peculiar  problems  of  different 
manufacturers,  the  varied  conditions  which  confront  the  engineer 
and  contractor,  would  require  too  much  time  and  study  for  the 
average  individual.  Those  of  us,  however,  who  confine  our  labors 
to  the  testing  and  investigation  of  materials  cannot  be  too  con- 
versant with  both  phases  of  this  subject.  And  this  applies  not 
only  to  the  chiefs  or  heads  of  testing  laboratories;  if  anything,  it 
applies  with  greater  emphasis  to  every  other  member  of  the  staff 
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because  the  chief  often  depends  almost  wholly   on   the  reports  of  Mr.  McCready. 
his  assistants. 

Take,  for  example,  the  sampler.  No  part  of  the  testing  is  of 
greater  importance  than  the  sampling,  and  yet  I  am  tempted  to  say 
that  no  one  knows  less  about  his  business  than  the  average  cement 
sampler.  The  laboratory  of  a  well-known  railroad  company  sent 
out  no  less  than  four  different  men  in  succession  in  one  season  to 
sample  cement  in  the  Lehigh  Valley  district  and  not  one  of  them 
had  any  previous  experience  and  little,  if  any,  instruction  as  to 
his  duties. 

I  happened  to  be,  recently,  at  the  office  of  one  of  the  large 
cement  companies,  in  conversation  with  the  shipping  clerk,  when 
in  rushed  a  young  man — a  boy  he  was,  really,  but  half  way  through 
his  teens — and  demanded,  breathlessly,  "Where  is  that  cement 

for ?     I  have  only  ten  minutes  to  catch  the  train   back." 

I  was  interested  enough  to  see  the  incident  through.  The  boy  was 
shown  to  a  pile  of  about  2,000  barrels  on  the  floor  of  a  stock  house, 
when  he  hastily  took  a  box  from  under  his  arm,  opened  it  and 
scooped  up  enough  cement  from  one  spot,  at  the  edge  of  that  pile, 
to  fill  it  and  away  he  went.  That  sample  was  supposed  to  represent 
the  2,000  barrels.  It  is  unnecessar}-  to  enlarge  upon  the  worthltss- 
ness  of  such  a  test.  The  customer  who  ordered  and  paid  for  that 
test  paid  for  something  which  he  did  not  get.  And  not  only  that; 
such  methods  are  likely  to  injure  both  the  consumer  and  the  manu- 
facturer. Unfortunately,  the  attitude  of  the  manufacturer  toward 
the  inspector  or  tester  is  only  too  often  one  of  suspicion;  and  inci- 
dents such  as  those  just  mentioned  do  not  tend  to  lessen  this  feeling. 
On  the  other  hand  the  consumer  often  seems  to  go  on  the  assump- 
tion that  the  manufacturer  is  always  a  knave  who  is  constantly  on 
the  watch  for  a  chance  to  outwit  him.  Such  instances  are  usually 
those  in  which  there  is  a  large  contract  and  the  consumer  maintains 
his  own  testing  laborator}-.  The  friction  which  not  infrequently 
results  is  nearly  always  the  direct  result  of  the  ignorance  or  preju- 
dice of  the  inspector  sent  to  the  works. 

The  lesson  is  plain.  None  but  fully  experienced  men  should 
be  given  charge  of  any  important  work  of  a  testing  laboratory. 
The  commercial  laboratory-,  especially,  should  not  be  a  training 
school  for  young  engineers  or  cement  testers.  Too  much  depends 
upon  the  acceptance  or  rejection  of  a  lot  of  cement;  the  safety  of 


362  Discussion  on  Cement  Testing  Problems. 

Mr.  McCready.   the  work,  on  ihc  onc  hand,  and  the  great  expense  caused  by 
unwarranted  or  unnecessary  rejection  on  the  other. 

In  regard  to  the  subject  of  JSIultiple  Tests:  1  am  sure  that  our 
President  did  not  liave  in  mind  cement  or  cement  testing  when  he 
discussed  this  subject  last  evening.  Certainly  the  safety  of  both 
manufacturer  and  consumer  depends  upon  a  multiplicity  of  tests 
on  cement.  The  changes  which  are  constantly  going  on  in  cement 
often  necessitate  repeated  tests  when  the  material  is  not  used 
promptly.  It  is  not  enough  to  have  the  cement  tested  when  it  is 
made.  It  should  ])C  tested  again  when  it  is  shipped.  Even  then 
it  may  ha\'e  changed  before  it  reaches  the  work  so  as  to  be  unfit 
for  use.  For  example,  at  certain  seasons  of  the  year  it  is  necessary 
to  test  some  cements  daily  for  setting-time;  and  here  experience 
and  good  judgment  are  especially  needful.  Not  all  quick-setting 
cements  should  necessarily  be  condemned.  A  recent  shipment  to 
one  of  our  large  railroads  was  rejected  by  the  company's  tester  as 
being  quick-setting.  An  investigation  by  the  manufacturer's 
representative  showed  that  the  material  had  become  quicker  setting 
although  not  extremely  so,  and  he  reported  that  the  cement  would 
probably  be  all  right  if  unloaded  and  stored  for  a  few^  days  in  a 
cooler  place  than  the  freight  car.  This  was  done  at  the  manu- 
facturer's risk  and  the  material,  after  being  retested,  was  accepted. 

Mr.  Price.  Mr.  C.  E.  Price. — Just  a  word  in  regard  to  the  resampling 

of  cement.  In  the  past  two  years  I  have  had  considerable  expe- 
rience in  the  retesting  of  green  cement;  and  it  has  been  the  con- 
tention of  the  manufacturer  that  if  a  bin  of  cement  was  resampled 
at  the  end  of  28  days  that  it  wouldn't  be  as  "hot, "  as  they  termed 
it,  and  would  show  better  results.  I  have  been  called  upon  many 
times  to  resample  and  test  bins  of  cement  which  failed  on  the  first 
test,  and  in  most  cases  have  been  obliged  to  turn  them  down  on  the 
second  test.  Had  this  cement  been  bagged  and  stored  in  a  well- 
aired  storehouse  for  a  period  of  six  months  and  then  tested,  there 
is  no  question  but  what  it  would  meet  the  requirements  of  our 
specification,  providing,  however,  that  it  was  a  first-class  sound 
Portland  cement. 

The  principal  difficulty  experienced  has  been  the  failure  of 
cement  to  meet  the  requirements  as  to  the  gain  in  the  neat  and 
mortar  tensile  tests,  this  is  probably  due  to  the  fact  that  the  cement 
has  not  had  proper  time  in  which  to  season. 


THE  SPECIFIC  GILWITY  OF  PORTLAND  CEMENT. 

By  Richard  K.  Meade  and  Lester  C.  Hawk. 

In  the  report  of  Committee  C  "On  Standard  Specifications 
for  Cement"  made  to  the  Society  in  1904,  under  the  heading 
''General  Observations,"  appeared  the  following  paragraph: 

"Specific  Gravity  is  useful  in  detecting  adulteration  and  underbvirn- 
ing.  The  results  of  tests  of  specific  gravity  are  not  necessarily  conclusive 
as  an  indication  of  the  quality  of  a  cement,  but  when  in  combination  with 
the  results  of  other  tests  may  afford  valuable  indications." 

Shortly  after  the  publication  of  this  report  one  of  the  writers 
was  approached  by  a  city  engineer  who  stated  that  he  did  not  care 
for  a  certain  cement  because  on  two  occasions  where  he  had 
obtained  samples  of  this  brand  they  had  proved  to  be  of  a  low 
specific  gravity  and  he  believed  that  this  cement  was  not  as  hard 
burned  as  other  brands.  This  remark  started  the  writers  on  a 
series  of  experiments  which  have  extended  over  a  period  of  nearly 
three  years  to  determine  the  causes  which  lead  to  low  specific 
gravity  in  Portland  cement  and  the  actual  value  of  the  test.  In 
the  meantime  the  Committee  on  Technical  Research  of  the  Asso- 
ciation of  American  Cement  ^lanufacturers  took  up  the  subject 
and  their  two  reports  will  be  found  in  several  technical  journals. 
Butler,  an  English  chemist,  also  made  experiments  along  the  same 
line  which  he  described  in  the  proceedings  of  the  Institute  of  Civil 
Engineers. 

Naturally  the  first  condition  to  receive  attention  was  the 
degree  of  burning.  This  was  done  in  the  following  manner: 
A  kiln  was  detected  "cold"  as  we  call  it,  or  not  hot  enough  to 
properly  burn  the  mixture,  and  from  this  kiln  twelve  samples  were 
drawn  as  the  kiln  was  heated  up  to  slightly  above  normal  tempera- 
ture. From  these  samples,  four  were  selected  as  representing  (i) 
very  soft  underburned  clinker,  (2)  slightly  underburned  clinker,  (3) 
normally  burned  clinker  and  (4)  very  hard  burned  clinker.  These 
clinkers  were  then  rapidly  ground  to  pass  a  standard  100- mesh 
sieve  and  the  specific  gravity  at  once  taken.     The  need  of  haste 
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was  occasioned  by  the  fact  thai  the  undcrburned  clinker  rapidly 
absorbs  carbon  dioxide  and  water  from  the  air,  which  lowers  its 
spccitic  gravity.  The  speciiic  gravity  of  the  three  samples  was 
found  to  be: 

1.  Very  soft  underburned  clinker 3-2o8 

2.  Slightly  "  "        3.222 

3.  Normally  burned  "        3.214 

4.  Very  hard  burned  "        3  234 

The  ground  clinker  was  also  mixed  with  2  per  cent,  plaster  of 
paris,  and  made  into  pats  which  were  subjected  to  the  steam  test. 
At  the  end  of  two  hours  the  pat  made  from  the  very  soft  under- 
burned  clinker  had  entirely  disintegrated.  At  the  end  of  live  hours 
the  pat  from  the  slightly  underburned  clinker  had  become  checked 
and  partially  disintegrated.  The  other  two  pats  stood  the  steam 
test  satisfactorily;  and  also  five  hours  longer,  in  boiling  water, 
had  no  effect  upon  them. 

In  this  experiment  we  have  four  samples  of  clinker  all  burned 
by  the  same  kiln  from  the  same  lot  of  raw  material,  one  of  which 
was  so  poor  as  to  fail  after  only  a  short  period  in  steam,  w^hile  two' 
were  sufficiently  well  burned  to  stand  perfectly  the  steam  and 
boiling  tests,  yet  the  extreme  difference  in  specific  gravity  between 
the  four  was  only  0.026.  We  have  frequently  taken  the  specific 
gravity  of  underburned  clinker  and  in  no  case  have  we  ever  found 
it  below  that  of  the  standard  specifications.  The  experiments 
made  by  the  members  of  the  American  Cement  Manufacturers' 
Association,  conducted  at  six  different  mills,  gave  an  average  of 
3.14  for  the  specific  gravity  of  the  underburned  cements  and  3.18 
for  that  of  the  hard  burned  ones.  A  sample  of  raw  material  being 
ignited  merely  sufficiently  to  drive  off  the  carbon  dioxide  without 
any  appreciable  clinkering,  had  a  specific  gravity  of  2.996.  It 
would  therefore  be  possible  to  make  a  mixture  of  half  and  half  of 
this  partially  burned  raw  material  and  well  burned  Portland  cement 
clinker  which  would  pass  standard  specifications,  so  far  as  specific 
gravity  is  concerned. 

The  effect  of  adulteration  can  of  course  be  calculated  ac- 
curately. The  substances  most  available  for  adulteration  of 
Portland  cements  in  this  country  are  natural  cement,  raw  material 
or  limestone  and  slag.     Rosendale  or  natural  cement  has  probably 
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been  used  more  than  any  of  the  others.  Its  specific  gravity 
ranges  between  2.8  and  3.1.  In  detecting  a  mixture  of  Rosendale 
cement  and  Portland  cement  the  value  of  the  test  will  depend 
entirely  upon  the  specific  gravity  of  the  Rosendale.  In  the  case  of 
a  natural  cement  with  a  specific  gravity  of  2.9  it  would,  of  course,  be 
possible  to  mix  as  much  as  i  part  Rosendale  to  2  parts  Portland, 
while  with  natural  cements  of  higher  density  more  Rosendale 
could  be  used. 

The  raw  material  or  cement  rock  of  the  Lehigh  district  has  a 
specific  gravity  of  about  2.7,  hence  very  little  of  it  could  be  used 
without  lowering  the  specific  gravity  appreciably.  Its  dark  color 
would  also  cause  its  presence  to  be  suspected  and  chemical  analy- 
sis would  readily  detect  it.  Limestones  average  in  specific  gravity 
about  2.8,  that  only  about  20  per  cent,  of  the  mixture  could  be  used 
without  lowering  the  specific  gravity  below  that  called  for  by  the 
standard  specifications.  In  the  case  of  blast  furnace  slag,  the 
density  of  which  is  somewhere  around  3.0,  large  quantities  could  be 
used  without  detection  by  the  specific  gravity  test.  The  writers 
recently  had  a  sample  of  basic  slag  containing  36  per  cent,  silica,  of 
which  the  specific  gravity  was  3.05.  A  mixture  of  i  part  of  this 
slag  to  I  part  of  Portland  had  a  density  of  3.12. 

It  would  seem  therefore  that  while  the  test  would  be  of  value  in 
detecting  additions  of  limestone  or  cement  rock,  it  is  by  no  means  an 
infallible  one  or  even  a  reliable  one  for  detecting  admixture  of 
Rosendale  or  slag. 

It  has  long  been  known  that  the  storage  of  cement  caused  a 
lowering  of  its  specific  gravity.  This  is  easily  explained  by  the  fact 
that  cements  on  exposure  to  air  absorb  carbon  dioxide  and  water, 
forming  calcium  carbonate  and  calcium  hydroxide.  The  former 
has  a  density  of  2 .  70  and  the  latter  of  2 .08.  The  effect  of  storage  on 
cement  is  shown  by  the  following: 


Sample  No. 


When  made  .  .  . 
After  28  days. . 
After  6  months 


319 
311 
308 


Specific  Gravity. 


3.21 
3.12 
3-04 


3.16 
3.10 
3.08 


3-iS 
309 
303 


3.20 
3.08 
3  04 
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A  sample  of  cement  had  a  specific  gravity  of  3.21  when  fresh  and 
after  lying  in  a  warehouse  three  years  had  a  specific  gravity  of  only 
3.02.  Its  properties  at  the  end  of  that  period  were  excellent  and 
the  only  noticeable  change  in  its  condition  was  that  it  was  slightly 
caked. 

It  is  now  generally  conceded  that  the  seasoning  of  cement  is 
an  advantage,  and  many  tests  by  various  operators  show  that  cement 
shows  its  best  strength  after  a  storage  of  from  three  to  six  months. 
Yet  it  is  probable  that  cement  which  has  been  stored  this  length  of 
time  will  have  a  specific  gravity  of  less  than  3.10.  If  the  cement 
does  not  absorb  some  carbon  dioxide  and  w^ater  no  benefits  will  be 
derived  from  seasoning,  and  if  it  does  absorb  them  the  specific 
gravity  is  bound  to  be  lowered  thereby.  The  absorption  of  3  per 
cent,  carbon  dioxide  and  water  is  sufficient  to  lower  the  specific 
gravity  of  cement  below  3.10.  An  underburned  cement  which 
failed  when  freshly  made  to  stand  a  five  hours'  steam  test  without 
complete  disintegration  had  a  specific  gravity  of  3.185.  After  being 
seasoned  one  month  it  stood  five  hours'  steam  and  boiling  tests 
perfectly,  but  its  specific  gravity  had  fallen  to  only  3.082. 

With  the  problem  of  manufacturing  large  quantities  of  Port- 
land cement  economically,  to  meet  the  increased  demands  for 
building  materials,  has  come  the  practice  of  storing  cement  clinker. 
This  can  be  done  out  of  doors  at  a  much  smaller  cost  than  it  is 
possible  to  store  cement  in  a  warehouse.  This  clinker  also  grinds 
much  easier  and  allows  the  manufacturer  to  give  the  engineer  a 
better  product  for  the  same  money  than  could  be  originally  done. 
It  has  been  found,  however,  that  such  clinker  made  a  cement  of 
lower  specific  gravity  than  would  have  been  the  case  if  the  clinker 
had  been  ground  fresh  from  the  kilns.  Otherwise  the  cement  is 
excellent.  For  example,  a  sample  of  clinker  fresh  from  the  coolers 
gave  a  specific  gravity  of  3.18;  after  being  exposed  out  of  doors  for 
one  month  the  specific  gravity  fell  to  3.04,  and  after  two  months' 
exposure  to  2.96.  The  cement  made  from  the  exposed  clinker  had 
a  neat  strength  of  677  pounds  at  the  end  of  seven  days  and  765 
pounds  at  the  end  of  twenty-eight  days,  and  a  sand  strength  of  330 
pounds  in  seven  days  and  394  pounds  in  twenty-eight  days. 

It  will  be  seen  therefore  that  seasoning  or  storage  of  the 
cement  has  a  much  greater  effect  upon  the  specific  gravity  than 
underburninfj  or  adulteration. 
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It  has  been  proposed  in  cases  where  the  specific  gravity  of 
cement  falls  below  the  limit  prescribed  by  the  specifications  that  the 
sample  should  be  ignited  and  the  specific  gravity  of  the  ignited 
sample  taken.  We  have  made  a  large  number  of  determinations  of 
specific  gravity  upon  seasoned  cements  from  which  we  find  that 
practically  all  samples  of  cement  when  ignited  give  a  specific  gravity 
of  between  3.15  and  3.22  and  that  most  of  them  give  around  3.20. 
This  conclusion  was  also  reached  by  the  Committee  on  Technical 
Research  of  the  Association  of  American  Portland  Cement  Manu- 
facturers, and  by  Butler. 

Upon  igniting  a  mixture  of  40  per  cent.  Roscndale  and  60 
per  cent.  Portland  cement  having  a  specific  gravity  of  2.985  before 
ignition  we  were  surprised  to  obtain  a  specific  gravity  of  3.20. 
This  result  was  checked  with  practically  the  samere-sult.  A  mix- 
ture of  40  per  cent,  cement  rock  and  60  per  cent.  Portland 
cement  which  had  a  specific  gravity  of  2.95,  gave  after  ignition 
3.20.  This  would  prove  that  the  ignition  of  the  cement  and 
determination  of  the  specific  gravity  of  the  ignited  sample  fails  to 
give  any  indication  of  adulteration  even  where  this  has  taken  place 
to  a  considerable  extent. 

Conclusions. 

1 .  The  specific  gravity  test  is  of  no  value  whatever  in  detecting 
underburning,  as  underburned  cement  will  show  a  specific  gravity 
much  higher  than  that  set  by  the  standard  specifications.  Under- 
burned  cement  is  readily  and  promptb;  detected  by  the  soundness 
tests,  and  no  others  are  needed  for  this  purpose. 

2.  The  value  of  the  specific  gravity  test  as  an  indication  of 
adulteration  is  much  exaggerated.  While  a  large  admixture  of 
any  light  adulterant  with  the  cement  would  be  shown,  there  is  at 
the  same  time  much  slag  and  also  Rosendale  cement  which  could  be 
mixed  with  cement  in  large  quantities  without  lowering  the  specific 
gravity  below  the  limit  of  our  standard  specifications. 

3.  Low  specific  gravity  is  usually  caused  by  seasoning  of  the 
cement  or  the  clinker,  either  of  which  improves  the  product. 

4.  The  proposition  to  ignite  the  cement  sample  which  falls 
below  specifications  and  determine  the  specific  gravity  upon  the 
ignited  portion  is  of  no  value  because  adulterated  cements  also 
have  their  specific  gravity  very  much  raised  by  such  ignition. 
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5.  The  requirements  for  specific  gravity  should  be  omitted 
from  the  standard  specifications,  or  at  least  that  the  clause  which 
infers  that  low  specific  gravity  is  caused  by  underburning  and 
adulteration  should  be  omitted  and  that  in  its  place  there  should 
be  inserted  one  stating  that  low  specific  gravity  may,  but  does  not 
necessarily  imply  adulteration,  as  it  is  in  most  cases  due  to  seasoning 
of  the  cement  or  storage  of  the  clinker  before  grinding,  both  of 
which  are  beneficial  to  the  product. 


DISCUSSION. 


Mr.  L.  W.  Walter. — I  don't  see  any  room  for  adverse  Mr.  Walter, 
criticism  of  Mr.  Meade's  paper.     It  certainly  appears  especially 
good. 

I  have  been  making  determinations  at  various  times  for 
specific  gravity  of  samples  of  cement  received  at  the  laborator\',  and 
have  held  those  samples  and  again  made  the  determination  at  a 
period  of  from  six  to  twelve  months  after  the  samples  were  received. 
I  have  almost  invariably  found  that  the  specific  gravity  of  the 
cement  sample,  after  aging,  falls  below  3.10,  which  is  the  limit 
recommended  in  the  standard  specifications. 

While  I  have  not  made  experiments  to  determine  the  effect 
of  adulteration  in  modifying  the  specific  gravity  of  cement  to  the 
extent  that  Professor  Meade  has,  I  must  say  that  our  results  indi- 
cating the  difference  in  specific  gravity  due  to  the  aging  of  cement 
coincide  very  closely.  Referring  to  the  article  in  the  specifications 
which  states  that  the  specific  gravity  of  Portland  cement  must  not 
be  less  than  3.10,  and  accepting  as  correct  Professor  Meade's  view 
that  cement  after  aging  is  better  than  the  same  cement  before  aging, 
I  would  add  that  in  my  opinion  this  article  in  the  specifications 
should  be  dispensed  with,  because  if  the  specifications  be  adhered 
to  rigidly  the  cement  might  be  rejected  for  the  reason  that  it  runs 
low  in  specific  gravity ;  whereas,  the  fact  that  it  runs  low  in  specific 
gravity  might  indicate,  at  least,  that  it  is  a  better  cement  than  it 
would  otherwise  be. 

Mr.  C.  E.  Price. — Owing  to  a  point  brought  out  in  Mr.  Mr.  Price. 
Meade's  paper,  that  I  might  not  be  misunderstood  in  my  former 
statement  regarding  retests,  I  would  say  that  my  remarks  were  con- 
fined to  a  retest  at  the  end  of  28  days.  The  result  obtained  from 
tests  made  on  some  25,000  to  30,000  barrels  of  cement  which  had 
been  stored  in  our  warehouses  from  twelve  to  fifteen  months,  more 
than  met  the  requirements  of  our  specification,  while  most  of  the 
cement  only  barely  met  the  requirements  on  the  usual  twenty-eight- 
day  test. 
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The  Chairman.  The  CHAIRMAN  (Mr.  Robert  W.  Lesley). — The  Chair  would 

like  to  add  a  rather  interesting  thing  that  came  to  his  observa- 
tion on  a  recent  trip  to  Europe. 

We  know,  all  of  us,  that  the  setting  time  of  cement  is  supposed 
to  be  regulated  by  the  plaster.  We  all  know  that  many  years  ago 
various  experiments  seemed  to  show  that  at  a  certain  period  which 
could  not  always  be  identified,  but  depended  somewhat  upon  the 
material  to  which  plaster  was  added,  that  cement  that  was  made 
slow-setting  again  became  quick-setting.  In  other  ^^ords,  there 
was  a  sort  of  period  of  instability  where  the  cement  which  had 
been  made  slow-setting  by  plaster,  and  yet  had  not  been  made 
slow-setting  by  the  absorption  of  moisture  and  carbonic  acid  gas 
(which  is  the  natural  way  of  slowing  the  set),  was  in  a  state  of 
instability,  and  it  suddenly  became  quick-setting  without  apparent 
reason.  We  have  had  one  or  two  descriptions  of  that  phenomenon, 
without  the  explanation. 

In  England,  in  the  new  works  of  the  Associated  Portland 
Cement  Manufacturers,  where  they  are  dealing  v  ith  the  most 
modern  works  in  Europe,  they  have  introduced  into  all  their  grind- 
ing machinery,  tube  mills  (water  or  steam)  under  what  is  known 
as  Bamber's  patent;  and  they  are  obtaining  not  only  a  very  uni- 
form method  of  rapidly  seasoning  cement,  but  a  permanent  season- 
ing rather  than  the  temporar}^  seasoning  of  plaster.  It  might  be 
interesting  for  some  of  those  experimenting  on  that  subject  to  have 
samples  of  that  cement;  and  I  shall  be  glad  to  furnish  them,  so 
that  they  can  determine  the  specific  gravity,  and  ascertain  whether 
the  effect  is  not  analogous  to  leaving  Nature  do  its  work. 


THE  CONTROL  OF  PHYSICAL  TEST  RESULTS  IN 
PORTLAND  CEMENT. 

By  W.  a.  Aikex. 

At  our  1905  convention  the  wTiter  submitted  tabulations  of 
results  in  both  neat  paste  and  2 :  i  standard  quartz  mortars  of 
various  classes  of  Portland  Cement  inspected  and  tested  for  the 
Board  of  Rapid  Transit  Railroad  Commissioners  of  the  City 
of  New  York,  in  connection  with  a  paper  on  "Low-puUing 
early-stage  Portland  Cement  vs.  the  ordinar}'  early-strength- 
developing  product,"  illustrating  our  specification  requirement  of 
a  minimum  gain  between  7  days  and  28  days.  The  classes 
referred  to  included  accepted  material,  rejected  material  and 
"turned  over"  material,  this  latter  being  such  which  on  account  of 
high  7  day  results  seemed  unlikely  to  meet  our  specifications  of  a 
minimum  gain.  Later  there  was  submitted  to  the  Association  of 
American  Portland  Cement  ^Manufacturers  at  their  Niagara  FaUs 
meeting  a  paper,  wherein  the  results  previously  submitted  to  this 
Society  were  differentiated  with  reference  to  the  Hme  factors  of 
various  classes  to  establish  the  influence  within  ven-  narrow  limits 
of  the  chemical  composition  upon  the  physical  results.  At  this 
latter  date,  the  following  theoretical  analysis  was  submitted  for 
material  of  the  Lehigh  cement  section,  embodying  such  propor- 
tions as  are  fikely  to  furnish  cement  to  meet  our  gain  require- 
ment and  to  give  best  results,  particularly  in  mortars  at  long-time 
periods : 


Minimum 
Silica. 

Maximum 
Alumina. 

Maximum 
Iron. 

Lime. 
62.50 

Maximum 
Magnesia. 

21.00 

9.00 

3-25 

to 
63-25 

3.00 

To  apply  this  theoretical  analysis  to  the  accepted  material  on 
which  results  were  presented  to  this  Society  two  years  ago  is  the 
object  of  the  present  paper. 
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The  average  results,  originally  given,  are  as  follows: 
Tensile  Strength  in  Pounds  per  Square  Inch. 


NEAT  CEMENT. 

34  hrs. 

7  days. 

38  days. 

3  mos.    6  mos. 

300 

689 

799 

799     799 
Gain,  16.0  per  cent. 

1  yr.  a  yrs.  3  yrs, 

80s  791  759 


2:  I   MORTARS. 

404  525  568  549  552  533  492 

Gain,  30.0  per  cent, 

AVERAGE    CHEMICAL    ANALYSIS. 
Silica.  Alumina.  Iron.  Lime.  Magnesia.  L.  F.  C.  I. 

20.92  8.53  2.78  63.05  2.38  2.60  1.05 

As  originally  shown,  all  our  accepted  cement  showing  least 
early  strength  with  corresponding  greater  gain  between  the  specifi- 
cation periods  of  7  and  28  days  give  best  results  at  3  years  with 
less  retrograde  movement  at  intermediate  periods,  with  analysis 
agreeing  with  the  theoretical  one,  later  advanced  as  ideal. 

The  following  tables  show  the  differentiation  of  aU  original 
results  on  accepted  cement  into  two  classes  by  Silica  content 
above  and  below  21  per  cent.,  as  indicated  by  the  theoretical 
analysis,  each  of  these  being  further  subdivided  according  to  its 
Alumina  content  into  5  classes;  viz.,  less  than  7  per  cent.  Alumina; 
between  7  and  8  per  cent.  Alumina;  between  8  and  9  per  cent. 
Alumina;  between  9  and  10  per  cent.  Alumina,  and  over  10  per 
cent.  Alumina. 

Silica  Over  21  Per  Cent. 

Silica.  Alumina.  Iron.  Lime.  Magnesia. 

22.09  6.74  2.66  62.6.0  2.19 

21.78  7.50  2.66  62.85  2.25 

21.48  8.55  2.66  62.92  2.33 

21.36  9.20  2.84  62.78  2.37 

21.16  10.61  3.00  61.96  2.74 

PHYSICAL    RESULTS. 

Tensile  strength  in  pounds  per  square  inch. 

NEAT. 


34  hrs. 

7  days. 

28  days. 

3  mos. 

6  mos. 

I  yr. 

2  yrs. 

3  yrs. 

224 

665 

779 

882 

767 

766 

722 

846 

262 

666 

777 

808 

795 

78s 

747 

757 

298 

672 

788 

797 

798 

807 

787 

775 

317 

671 

788 

796 

805 

801 

777 

784 

277 

631 

729 

708 

806 

788 

788 

782 
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2:1  MORTARS. 

J  days. 

28  days. 

3  mos.     6  mos. 

I  yr. 

2  yrs. 

3  yrs. 

366 

495 

576     553 

553 

550 

503 

367 

502 

534     523 

515 

489 

484 

401 

525 

583      562 

543 

501 

485 

410 

539 

592      581 

563 

527 

482 

342 

506 
Silica 

532      594 
Under  21  Per 

561 

Cent. 

532 

449 

Silica. 

Alumina. 

Iron. 

Lime. 

Magnesia. 

20-35 

6.85. 

336 

62.62 

2.63 

20.43 

7-54 

2-97 

63.40 

2-S3 

20-33 

8.51 

2.74 

6338 

3.41 

20.40 

923 

2.89 

62.91 

a.39 

ao.04 

10.47 

3-07 

62.78 

«.30 

PHYSICAL  results. 


Tensile  strength  in  pounds  per  square  inch. 


!4  hrs. 

7  days. 

28  days. 

3  mos. 

6  mos. 

I  yr. 

3  yrs. 

3  yw. 

286 

735 

826 

809 

780 

795 

304 

704 

801 

784 

778 

789 

848 

309 

718 

834 

810 

797 

810 

821 

826 

312 

694 

804 

818 

813 

823 

807 

786 

331 

631 

765 

778 
2:1  ] 

792 

MORTARS. 

785 

751 

748 

437 

537 

560 

509 

48  a 

•  • . 

416 

523 

546 

513 

492 

418 

530 

561 

525 

492 

494 

447 

418 

537 

591 

572 

539 

488 

459 

398 

516 

564 

547 

535 

494 

448 

It  is  to  be  noted  that  the  material  analyzing  Silica  over  21  per 
cent,  gives  in  every  case  except  one,  the  last  class,  (and  this  can  be 
explained  by  its  lower  lime  content)  better  gain  from  7  days  -to  28 
days,  than  the  corresponding  division  with  Silica  lower  than  21  per 
cent,  establishing,  as  far  as  our  gain  requirement  is  concerned,  the 
fixing  of  the  minimum  Sihca  of  the  theoretical  analysis. 

It  is  to  be  noted  irrespective  of  the  absolute  Silica  requirement 
that  those  subdivisions  approximating  9.0  per  cent.  Alumina  as  a 
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maximum,  give  better  gains  at  our  specification  period,  seemingly 
establishing  the  theoretical  Alumina  maximum. 

In  the  first  three  classes  where  the  Alumina  corresponds  to 
the  theoretical  analysis,  the  better  gains  of  the  Silica  content 
above  21  per  cent,  in  all  cases  correspond  with  lime  in  agreement 
with  this  same  ideal  requirement,  establishing  similarly  the 
limiting  of  this  element  from  62.50  to  63.25,  which  is  further 
emphasized  by  the  fact  that  the  lime  content  more  positively 
controls  final  results  in  all  cases  than  do  the  other  elements  as 
sho^^•n  in  tests  of  material  with  Silica  below  the  theoretical  21  per 
cent. 

It  is  to  be  noted  in  the  last  subdivision  showing  abnormally 
high  Alumina  that  the  influence  of  the  theoretical  lime  content 
with  the  lower  Silica  is  marked  by  much  better  gain  than  in  the 
higher  Silica  subdivision  of  this  higher  Alumina  material  where  the 
lime  content  falls  very  much  below  the  theoretical  requirement. 

Referring  to  physical  results  in  mortars  at  later  periods,  these 
correspond  very  closely  to  the  hoped-for  results  from  the  low,  early- 
stage  strength  almost  invariably  found  in  the  higher  Silica  material, 
where  the  lime  and  Alumina  contents  correspond  to  the  theoretical 
requirements. 

The  fact  that  the  highest  Silica,  well  above  the  minimum 
requirement  of  the  theoretical  analysis  and  the  lowest  Alumina, 
very  much  below  the  theoretical  maximum  for  that  element,  with 
lime  content  within  the  theoretical  hmits  give  actually  best  long- 
time mortar  results  is  interesting  and  is  confirmed  by  the  product 
of  a  special  mill  furnished  us  for  the  past  year,  showing  this  par- 
ticular composition. 

Further  detailed  comparisons  and  examinations  might  be 
made  but  I  consider  these  unnecessary  to  estabhsh  the  satisfactory 
conclusion  that  the  originally  advanced  theoretical  analysis,  if 
complied  with,  will  furnish  material  in  every  way  satisfactory  and 
likely  to  give  desired  results,  low  early-strength,  good  gain  between 
7  days  and  28  days,  and  best  long-time  results  in  standard  quartz 
mortars,  wliile  similarly  proportioned  mortars,  where  a  fair  natural 
sand  is  used  would  give  better  results  in  every  way  on  account  of 
the  better  grading  of  the  material. 


DISCUSSION. 


Mr.  E.  B.  McCready. — I  have  been  interested  in  looking  Mr,  McCready. 
over  this  paper.  Results  and  deductions  from  a  large  number  of 
tests,  as  in  this  instance,  are  always  interesting.  It  should  be 
remembered,  however,  in  reading  this  and  similar  papers,  that 
conclusions  and  rules  deduced  from  tests  made  chiefly  or  solely  on 
one  brand  of  cement  lose  much  of  their  apparent  value  to  the  pro- 
fession generally.  Rules  deduced  and  applied — as  in  this 
instance — may  be  wholly  wrong  when  applied  to  another  brand  of 
cement;  and  might,  if  this  fact  be  overlooked,  result  in  much  mis- 
understanding and  injustice.  A  broad  knowledge  of  the  often 
widely  varying  conditions  at  different  mills  would  prevent  such 
misconception,  but  the  average  engineer  is  not  a  cement  expert  and 
cannot  have  more  than  a  very  superficial  idea  of  the  processes  of 
manufacture. 

It  would  be  exceedingly  interesting  to  have  the  same  work 
done  on  a  number  of  different  brands  of  cerrient,  separately,  for 
comparison.  As  has  been  suggested  before,  the  question  of  tensile 
strength  is  still  a  ver}^  open  one.  From  a  tendency  to  demand  of 
all  cements  a  gain  in  strength  (neat)  of  lo,  12  or  15  per  cent, 
between  7  and  28  days,  the  pendulum  is  swinging  back,  so  that 
to-day  the  sole  requirement  usually  enforced  is  that  the  cement 
shall  not  retrograde  from  7  to  28  days. 

With  our  present  knowledge  it  is  doubtful  whether  we  have  a 
right  to  say  that  a  cement  which  breaks  at  900  pounds  in  7  days 
and  loses,  say,  5  per  cent,  at  28  days  is  inferior  to  any  other  because 
that  other  does  not  show  a  loss  until  ajler  28  days.  All  Portland 
cements  do  retrograde,  sooner  or  later,  to  some  extent;  this  much 
is  freely  acknowledged  by  everyone.  And  all  engineers  who  make 
long-time  tests  know  that  samples  making  the  poorest  showing  at 
28  days  as  regards  percentage  gain  often  give  the  best  results  at 
later  periods;  and  there  are  numerous  records  to  prove  that  those 
cements  which,  of  necessity,  because  of  their  composition,  give 
high  short-time  tests,  are,  to  say  the  least,  not    inferior  to  the 
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Mr.  McCready.  low-pulling    ccmcnls    which    take    much   longer  to    reach  their 
greatest  strength. 

Some  cements  show  a  greater  actual  strength  at  every  test 
period  than  others,  regardless  of  individual  percentage  gain  or  loss. 
We  are  apt  to  overlook  this  fact  when  talking  and  thinking  per- 
centages. Percentage  gain,  after  all,  refers  only  to  the  rate  at 
which  the  cement  hardens.  What  we  want  and  what  we  use  in 
cement  is  strength.  Five  hundred  pounds  at  7  days  and  600  at 
28  days  means  20  per  cent,  gain,  but  you  get  no  more  for  your 
money  than  you  would  in  a  cement  making  800  pounds  at  7  days 
and  801  at  28  days,  and  some  engineers  would  think  they  had  less. 

As  regards  the  chemical  analysis,  it  would  be  impossible  to 
make  a  salable  cement  at  some  mills,  of  the  composition  suggested 
in  this  paper.  The  nature  of  the  raw  material  in  some  localities 
is  such  that  it  is  necessary  to  keep  the  lime  above  63  per  cent. 
Again,  there  are  other  mills  where  approximately  the  same  com- 
position would  give  very  different  results  in  tensile  strength. 

AIr.  ]McCready  (by  letter). — In  reference  to  the  rate  of  gain, 
which  is  the  basis  of  deductions  in  this  and  previous  papers  along 
this  line,  it  seems  to  me  that  the  author  has  overlooked  a  most 
important  factor.  In  tests  conducted,  as  are  these,  at  the  works, 
on  perfectly  fresh  cement,  a  notable  percentage  of  the  briquettes 
made  up,  taken  as  a  whole,  will  be  made  from  cement  which  is 
not  sound  to  the  boiling  or  steam  test.  That  this  is  true  to  a 
greater  or  less  extent,  the  records  of  every  mill  will  show.  Of 
course  it  "seasons"  in  a  few  days  and  is  sound,  presumably, 
when  shipped  or  used,  but  it  is  not  then  the  same  material  which 
went  into  the  briquettes  which  are  held  to  represent  it. 

There  is  little  doubt  that  "unsoundness"  due  to  imperfect 
mixing  or  to  coarse  grinding  of  raw  material  and  clinker  will 
have  some  effect  on  the  strength  of  the  briquette.  The  effects  of 
ordinary  unsoundness  as  shown  by  warping  and  checking  in  the 
steam  or  boiling  test  never  become  apparent  to  the  eye  in  cold 
water  pats  or  briquettes.  The  force  which  operates  to  cause 
the  swelling  and  checking  in  the  hot  test  develops  so  gradually 
in  the  cold  that  the  growing  strength  of  cohesion  between  the 
particles  easily  keeps  ahead  of  it.  But  this  force  is  there,  never- 
theless, and  its  full  value  is  not  always  developed  in  a  week  or  a 
month  or  a  year,  witness  the  fact  that  test  pieces  made  of  unsound 
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cement  (which  fails  to  any  marked  degree  in  the  boiling  test)  Mr.  McCready. 
and  kept  in  cold  water,  will,  if  immersed  in  boiling  water  for  a 
few  hours,  swell  and  check  and  exhibit  the  usual  signs  of  unsound- 
ness even  after  six  months,  a  year  or  longer  (the  oldest  of  such 
specimens  tested  in  this  way  by  myself  have  shown  this  phenome- 
non). 

Here  is  a  condition  which  may  occur  and  frequently  does 
occur,  more  often  in  some  brands  than  in  others,  which  is  wholly 
independent  of  the  chemical  composition  and  of  the  short-time 
strength,  and  which  should,  it  seems  to  me,  be  investigated. 
No  cement  is  perfect  as  regards  the  chemical  combination  of  the 
elements  which  enter  into  it;  and  all  cement  must,  of  necessity, 
contain  some  of  the  material  generally  designated  as  free  or  uncom- 
bined  lime, — presumably  an  oxid  of  lime  which  does  not  react 
readily  with  water,  cither  because  of  its  being  more  or  less  hard- 
burned  or  because,  on  account  of  coarse  grinding,  small  particles 
of  the  material  are  protected  from  the  action  of  water  for  a  time 
by  an  outer  coating  of  cement  clinker.  The  length  of  time 
required  for  the  hydration  of  such  particles  is  indefinite  and 
depends  on  conditions  which  produce  them  as  before  stated. 
In  many  cements  the  amount  of  such  uncombined  lime  is  reduced 
to  a  minimum  by  careful  methods  of  manufacture;  but  even  in 
these,  especially  when  tested  fresh,  there  are  frequent  evidences 
of  the  presence  of  such  a  negative  force  in  the  pronounced  irregu- 
larities in  the  results  of  tensile  tests. 

To  sum  up,  briefly :  Any  tendency  to  unsoundness,  whether 
sufficient  to  become  apparent  in  the  boiling  test  or  not,  develops, 
more  or  less  graduall}-,  a  disrupti\-e  force  which  is  opposed  to  the 
cohesive  force  developed  by  the  normal  cement.  In  all  ordinary 
cases  the  cohesion  or  hardening  of  the  cement  increases  at  a  greater 
rate,  during  the  earlier  stages,  than  the  opposing  force  caused 
by  the  hydration  of  the  uncombined  lime.  We  have  then  a  case 
of  unbalanced  forces.  If  the  latter  action  be  hastened  by  the 
application  of  heat  the  relation  is  reversed,  there  is  less  increase 
in  strength — perhaps  even  a  loss — and  if  there  is  more  than  a  very 
small  quantity  of  uncombined  lime  present  the  test  piece  is  checked, 
swelled  and  broken.  A\Tien  the  amount  of  uncombined  Lime  is  not 
enough  to  cause  disruption,  the  strain  exerted  simply  weakens  the 
specimen  so  that  it  is  more  readily  broken  in  the  testing  machine. 
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Mr.  McCready.  All  of  thcsc  effects  except  the  culmination    (checking  and 

disruption)  may  be  observed  in  the  cold  water  specimens,  although 
the  time  required  is  usually  ver}'  much  longer.  Occasionally, 
variations  in  burning  and  grinding  produce  cement  in  which  the 
effects  above  mentioned  are  shown  in  a  falling  off  in  strength  from 
7  to  28  days.  Such  samples  often  make  a  greater  gain  than  usual 
thereafter,  apparently  showing  that  the  negative  force  had  reached 
its  maximum  within  the  earlier  period. 

The  rate  at  which  this  disruptive  strain  increases  in  different 
samples  under  various  conditions  of  burning,  grinding  and  test- 
ing, is  the  kernel  of  the  nut  which  we  ought  to  crack  before  placing 
too  much  reliance  on  rules  deduced  simply  from  analyses  or  per- 
centage gain. 


LABOR  SAVING  DEVICES  IN  A  CEMENT  LABORATORY. 
By  R.  E.  Bakenhus. 

The  remodeling  of  a  cement  laboratoty  in  preparation  for  the 
beginning  of  extensive  public  improvements  was  the  occasion  for 
installing  devices  for  the  saving  of  labor  with  a  simultaneous  in- 
crease of  output.  Some  of  the  devices  were  specially  designed.  As 
they  were  subsequently  adopted  by  other  laboratories  and  as 
interest  has  been  expressed  in  the  laborator}',  this  brief  account  has 
been  prepared. 

The  mixing  and  sifting  arrangements  and  briquette  machine 
were  of  the  usual  modem  t}^^  A  mixing  table  of  ver\^  hea%  .'  con- 
struction was  built,  having  a  polished  marble  top  set  on  a  bed  of 
mortar  about  3  inches  thick,  the  mortar  being  carried  in  a  fixed  box 
or  frame,  into  which  the  table  legs  were  built.  The  former  gal- 
vanized iron  briquette  storage  pans  kept  filled  by  a  hand  watering 
can  and  also  the  wooden  shelves  upon  which  they  stood  were 
replaced  by  a  tier  of  long  shallow  tanks  with  water  spigots  over  one 
end  and  overflows  to  the  sewer  at  the  other,  similar  to  the  Philadel- 
phia City  tanks.  Water  may  be  changed  at  the  expense  of  only  a 
few  seconds  of  the  attendant's  time. 

The  briquettes  are  not  placed  directly  in  the  tanks  but  in  gal- 
vanized wire  desk  baskets  into  which  a  pane  of  glass  has  been  laid 
to  serv'e  as  a  smooth  bottom.  The  baskets  may  be  loaded  on  the 
mixing  table,  a  proper  grouping  being  preserv-ed  and  the  test  num- 
ber written  on  the  celluloid  tags  tied  to  the  basket.  The  baskets 
with  the  briquettes  are  at  the  proper  time  immersed  in  the  tank. 

For  the  keeping  of  records — an  important  feature — a  special 
card  was  devised.  See  Figs,  i  and  2  for  face  and  reverse  sides. 
All  the  information  with  reference  to  the  test  appears  on  the  card; 
the  data  on  the  face  is  filled  in  when  the  briquettes  are  made;  the 
data  on  the  reverse  side  is  filled  in  as  the  test  progresses.  In  the 
upper  right  hand  comer  the  "due"  dates  of  the  tensile  tests  are 
placed.  As  all  cards  of  incompleted  tests  are  filed  together  the 
tests  due  on  any  day  may  be  readily  determined  by  an  examination 
of  the  file. 
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Work 

CEMENT  TEST  RECORD 

NO. 

Contractor  1 
or  Dealer    J 

84  Hr.  neat  due 

Contr.  No. 

Req.  No.                            Call  No. 

7  Day  neat  due 

Date  Deliv. 

Car  No. 

28  Day  neat  due 

Brand 

Portland 

Natural' 

7  Day  sand  due 

f  Bbls.  1 
No.  \  Bags  J   in  lot 

28  Day  sand  due 

No.  Rep.  by  sample 

Remarks 

Date  of  Collection 

Collector 

AcceptedT-Rejected- 

-Date 

Civil  Engineer  U.  S.  Navy. 

Fig.   I. — Front  of  Card. 


The  back  of  the  card  contains  the  original  record  of  ever}'  test 
except  the  chemical;  even  the  averaging  of  the  tensile  tests  appears 
on  the  card.  No  time  is  lost  or  errors  introduced  by  copying.  The 
card  is  more  easily  handled  on  the  testing  table  than  a  book,  and,  as 
a  whole  it  forms  a  complete,  compact  and  original  record  of  all  the 
information  concerning  the  particular  test.  The  omission  or 
failure  of  a  test  or  any  discrepancy  can  be  easily  detected,  due  to  the 
arrangement  of  the  form.  Labor  is  saved  and  accuracy  gained  as 
the  recording  merely  requires  the  methodical  following  of  a  pre- 
determined plan.     The  card  is  not  copyrighted. 

Upon  completion  of  the  test  the  card  may  be  filed  with  others, 
either  by  brand  or  contract.  The  tests  are  best  numbered  consec- 
utively and  the  cards  then  filed  by  contracts.  The  numbers  may 
be  assigned  before  collection  of  sample. 

The  cement  collector  is  given  numbered  blank  tags  which  he 
fills  in  with  data  such  as  brand,  car  number,  date  of  deliver}',  name 
of  contractor  and  other  useful  information.  This  tag  is  tied  to  the 
sample  delivered  in  the  testing  room.     The  collector  fastens  small 
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TENSILE  TESTS 

NO. 

24  Hours     1       7  Days 

28  Days 

Neat  Tests 

FINENESS               —     Passing  Sieve 

I 

No.  5p                      %         No.  74                % 

2 

Air 

No.  100                    %          No.  200               % 

3 

Wat. 

SET — By  Gilmore  Needles 

4 

Cem.                    % 

Initial                  Hrs.                  Mins. 

_S 

Wat.                   % 

Final                     Hrs.                   Mins. 

Sum 

PAT— Cold  Water 

Average 

Hot  Water 

1 

Required 

Air 

I  Cement 

Sand 

I  Cement                   Sand 

COLOR 

7  Days 

28  Days  1 

7  Days      28  Days 

SPEC.  GRAV. 

I 
2 

A.          «> 

A. 

CHEMICAL  ANALYSIS  (copy) 

1 

W.         ° 

W. 

SiOj                        MgO 

3 

c.      % 

C.        % 

CaO                           SO3 

4 

s.      % 

s.       % 

FeoOs                        (HjSOJ 

_s 

w.    % 

w.     % 

AI2O3                        Loss  Iq 

Suni 

Sum 

Aver. 

Aver. 

Req. 

Req. 

Cement  Tester. 

Fig. 


-Back  of  Card 


tags  with  sample  number  to  each  bag  or  barrel  sampled,  showing 
exactly  where  he  obtained  the  cement. 

The  capacity  and  output  of  the  laboratory  referred  to  was 
easily  doubled  and  at  a  saving  in  expense  of  operation. 


TESTS  OF  CONCRETE  COLUMNS. 

By  Arthur  N.  Talbot. 

Before  taking  up  a  discussion  of  the  recent  experiments  I 
desire  to  modify  a  statement  made  in  a  discussion  of  this  subject  at 
a  meeting  of  the  Society  a  year  ago,  since  the  form  of  the  printed 
discussion  may  be  misleading.  The  remark  was  made  that  in  the 
tests  of  reinforced  concrete  columns  made  at  the  University  of 
Illinois  there  was  indication  that  the  steel  buckled  before  the  ulti- 
mate strength  of  the  columns  was  reached.  Further  study  of  the 
tests  shows  that  the  steel  did  not  buckle  or  reach  its  elastic  limit 
until  after  the  load  taken  by  the  concrete  had  reached  its  maximum, 
although  in  a  few  instances  the  load  sustained  by  the  column  when 
the  rods  buckled,  was  equal  to  or  a  little  greater  than  the  load  when 
the  concrete  was  seen  to  be  taking  its  maximum  stress.  Fig.  i* 
gives  the  stress-deformation  diagram  for  one  of  the  columns.  The 
line  marked  "Line  for  steel"  represents  the  stress  in  the  steel  as 
though  distributed  over  the  full  area  of  the  column,  based  on  the 
observed  deformation  in  the  column  and  a  modulus  of  elasticity  of 
30,000,000  pounds  per  square  inch  for  the  steel  under  the  assump- 
tion that  the  concrete  and  steel  act  together.  The  line  marked 
"Line  for  concrete  alone"  was  found  by  setting  down  the  line  for 
concrete  and  steel  (i.  e.,  for  the  column  as  a  whole)  an  amount  equal 
to  that  given  by  the  "Line  for  steel."  The  line  for  concrete 
obtained  in  this  way,  corresponds  closely  with  the  line  obtained  in 
tests  of  plain  concrete  columns.  This  diagram  gives  a  convenient 
method  of  comparing  the  stress  taken  by  the  steel  with  that  taken 
by  the  concrete,  if  we  assume  that  the  stress  in  the  steel  is  propor- 
tional to  the  shortening  of  the  column.  The  ratio  between  the  unit- 
stress  taken  by  the  steel  and  that  taken  by  the  concrete  at  any  stage 
of  the  loading  of  the  column,  based  on  the  above  assumption,  for 
the  columns  tested,  is  shown  in  Fig.  2.  The  average  value  for  this 
ratio  at  the  beginning  of  loading  is  13;  at  three-quarters  of  the 


*  Acknowledgment  is   made  to  the  Engineering  Record  for  most  of 
the  cuts  used  in  this  paper. 
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maximum  load  (corresponding  to  one-half  the  ultimate  shortening) 
it  becomes  18,  and  at  the  maximum  load  26.  The  extreme  range 
of  this  ratio  for  the  individual  columns  is  considerable.  It  may  be 
also  added  that  in  these  tests  the  strength  of  unrcinforccd  columns 
was  considerably  less  than  the  strength  of  12-inch  cubes  made  at  the 
same  time.  A  more  complete  discussion  of  these  tests  may  be 
found  in"  a  bulletin  of  the  Engineering  Experiment  Station  of  the 
University  of  Illinois. 
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Passing  now  to  the  tests  which  have  recently  been  made  at  the 
University  of  Illinois,  it  should  be  stated  that  only  a  summary  of 
the  results  will  be  given  here  and  that  a  more  thorough  study  of  the 
tests  will  be  made  later.  The  tests  include  three  classes  of  columns : 
(i)  plain  or  unreinforced  concrete  columns;  (2)  columns  reinforced 
with  circular  hoops  or  bands ;  and  (3)  columns  reinforced  with  wire 
in  the  form  of  spirals  or  helices. 

The  concrete  used,  unless  otherwise  stated,  was  composed  of 
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one  part  of  Portland  cement,  two  parts  of  sand,  and  four  parts  of 
broken  stone,  by  loose  volume.  A  detailed  descrijjtion  of  the  mate- 
rials and  of  the  method  of  mixing  will  not  be  given  here.  The 
columns  were  fabricated  in  galvanized  iron  forms.  The  concrete 
was  a  wet  mixture,  wet  enough  to  allow  stirring  or  churning  in  the 
forms.  The  forms  remained  in  place  for  ten  days.  The  columns 
were  built  on  cast  iron  base  plates,  and  an  upper  base  plate  was 
embedded  in  plaster  of  Paris  on  the  top  of  the  column  a  few  days 
before  the  test.  The  average  age  at  test  was  about  60  days.  The 
columns  were  circular,  12  inches  in  diameter  and  10  feet  long. 
A  few  w'ere  made  9  inches  in  diameter.  In  order  not  to  complicate 
the  analysis  of  strength,  the  hoops  and  spirals  were  barely  covered 
at  the  surface  of  the  column,  the  thickness  outside  the  hooping 


F'ro/oo'-f/or>orfi3  stnosa 

being  generally  less  than  \  inch.  The  area  of  the  column  was 
taken  to  be  equal  to  the  area  corresponding  to  the  diameter  of  the 
hooping.  The  circular  bands  used  for  hoops  were  i  inch  wide  and 
of  three  thicknesses.  No.  8,  No.  12,  and  No.  16  gage.  The  yield 
point  of  this  material  was  about  48,000  pounds  per  square  inch. 
The  hoops  were  electric  welded.  Tests  of  the  hoops  usually 
showed  failure  outside  of  the  weld.  In  the  few  cases  where  failure 
occurred  at  the  w^eld  the  breaking  load  was  beyond  the  elastic  limit 
of  the  steel.  Generally  the  hoops  were  spaced  2  inches  apart,  cen- 
ter to  center,  although  in  some  columns  the  spacing  was  3  and  4 
inches.  The  spirals  were  No.  7  wire  and  i-inch  wire.  Ordinary 
black  wire  and  high-carbon  steel  wire  of  both  sizes  were  used. 
Considerable  difference  was  found  in  the  elastic  limit  of  the  high- 
carbon  material;  the  smaller  size  gave  about  60,000  pounds  per 
square  inch,  and  the  larger  size  110,000  pounds  per  square  inch 
for  the  yield  point.  For  the  black  wire  the  yield  point  for  the  No. 
7  w^as  38,000  pounds  per  square  inch,  and  for  the  ^-inch,  54,000 
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pounds  per  square  inch.  No  longitudinal  reinforcement  was  used. 
The  thin  longitudinal  spacing  bars  used  to  hold  the  hooping  in 
place  were  not  considered  in  the  calculations.  In  the  statement  of 
amount  of  reinforcement  the  percentage  is  based  upon  the  volume 
of  the  hooping  and  the  volume  of  the  concrete  core;  or  what  is  the 
same  thing,  upon  the  area  of  the  hooping  considered  to  be  uniformly 
distributed  over  the  length  of  the  column  and  the  area  of  the  con- 
crete core. 

The  plain  concrete  columns  gave  results  similar  to  those  tested 
a  year  ago,  both  in  the  ultimate  strength  and  in  the  character  of  the 
stress-deformation  diagram.  The  strength  of  the  1-2-4  columns 
averaged  about  1,620  pounds  per  square  inch,  with  a  range  of  varia- 
tion of  30  per  cent,  on  either  side  of  this.  The  stress-deformation 
diagrams  approximate  a  parabola,  but  the  total  shortening  at 
failure  was  somewhat  less  than  that  given  in  the  1906  tests.  Fig.  3 
gives  a  diagram  for  one  of  the  columns.  An  interesting  feature  of 
these  tests  was  the  determination  of  the  lateral  deformation  or 
enlargement  of  the  column.  The  measurement  of  this  expansion 
is  extremely  difficult  and  this  work  is  of  an  experimental  nature  and 
the  results  are  not  to  be  considered  final.  Further  study  of  the  data 
will  be  required  to  interpret  them  fully.  It  seems,  however,  that 
the  value  of  Poisson's  ratio  found  from  these  tests  is  generally  less 
than  that  given  in  text  books.  This  is  particularly  true  for  the 
smaller  loads.  The  ratio  increases  rather  suddenly  somewhat 
before  the  maximum  strength  of  the  column  is  reached.  The  line 
at  the  left  of  Fig.  3  gives  the  amount  of  the  lateral  unit-deformation. 
From  a  hasty  study  of  the  results  it  w^ould  appear  that  Poisson's 
ratio  averages  o.i,  or  somewhat  more,  for  the  lower  loads,  and  that 
near  the  maximum  load  this  ratio  rapidly  increases  to  .25  or  .3. 

Fig.  4  gives  the  strength  of  columns  made  with  different  mix- 
tures of  concrete.  The  abscissas  give  the  proportion  of  cement  in 
terms  of  the  weight  of  the  sand  and  stone  used.  The  results  given 
are  the  average  of  from  2  to  5  test  columns.  The  diagram  brings 
out  the  effect  of  adding  cement  in  giving  strength  to  concrete 
columns. 

The  general  phenomena  of  the  tests  of  hooped  columns  are  as 
follows :  The  early  part  of  the  test  is  much  the  same  as  for  plain 
concrete  columns.  At  a  load  equal  to  that  which  would  cause 
failure  in  a  plain  concrete  column  or  a  Httle  above,  the  concrete  over 
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the  sj)acing  bars  begins  to  scale,  and  this  is  soon  followed  with  a 
scaling  and  shelling  oil  of  the  surface  of  the  column  over  the  hoops 
everywhere.  With  added  increments  of  load  the  amount  of 
shortening  increases  raj)idly  and  the  column  expands  or  bulges 
laterally  corresj)ondingly  rapidly.  The  lateral  deflection  of  the 
column  from  a  straight  line  begins  to  be  apparent  just  before  the 
maximum  load  carried  by  the  column  is  reached,  and  it  rapidly 
increases  after  the  maximum  load  is  passed,  forming  a  curve  having 
the  characteristics  of  the  figure  shown  in  textbooks  for  columns 
with  fixed  ends.  The  columns  finally  bent  out  of  line,  in  some 
cases  as  much  as  4  or  5  inches,  the  load  finally  carr  ed  being  only  a 
small  proportion  of  the  maximum. 
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Fig.  5  shows  the  stress-deformation  diagram  for  a  column 
reinforced  with  circular  hoops  and  may  be  considered  to  be  char- 
acteristic. In  this  and  in  the  other  columns  the  load  carried  when 
the  column  had  shortened  an  amount  equal  to  that  which  plain 
columns  exhibit  at  failure  corresponded  to  the  maximum  load  of 
plain  concrete  columns.  If  the  line  beyond  the  elbow  (approxi- 
mately straight)  is  produced  to  the  vertical  axis  or  axis  of  ordinates, 
the  load  there  indicated  agrees  closely  with  the  maximum  strength 
of  plain  concrete.  The  diagram  indicates  that  up  to  the  load  where 
:i  plain  concrete  column  would  fail  the  shortening  and  the  lateral 
deformation  correspond  closely  with  those  obtained  for  plain  con- 
crete columns,  and  but  a  small  stress  is  developed  in  the  hoops. 
The  line  at  the  left  of  the  figure  gives  the  lateral  unit-deformation. 
Beyond  the  critical  point  referred  to  the  longitudinal  deformation 
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or  shortening  increases  rapidly  with  an  increase  of  load  and  the 
lateral  deformation  increases  correspondingly.  The  total  amount 
of  shortening  is  considerable,  in  this  column  being  nine  times  as 
much  at  the  maximum  load  as  may  be  expected  in  a  plain  concrete 
column  at  its  maximum  load.  The  maximum  strength  of  the 
columns  occurs  when  the  bands  have  been  stretched  to  their  yield- 
point.  Beyond  this  point  the  deformation  increases  rapidly  but 
the  load  falls  off.  Fig.  6  gives  a  view  of  one  of  these  columns  after 
the  outside  scale  has  fallen  off  and  some  time  after  the  maximum 
load  has  been  applied. 

Fig.  7  gives  the  stress-deformation  diagram  for  a  column  rein- 
forced with  high  carbon  wire.     The  early  part  of  the  diagram  is 
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similar  to  that  already  described.  The  total  amount  of  shortening 
is  greater,  as  may  be  expected  from  the  higher  elastic  limit  of  the 
reinforcing.  The  total  shortening  at  the  maximum  was  thirteen 
times  what  may  be  expected  in  a  plain  concrete  column  at  the  time 
of  failure.  The  lateral  deformation  curve  shown  at  the  left  of  the 
figure  cannot  be  compared  with  the  former  one  since  the  instru- 
ments were  placed  on  the  concrete  between  the  wires  and,  as  would 
be  expected,  the  lateral  swelling  at  these  points  is  greater  than  for 
the  reinforcement  itself.  Fig.  8  gives  a  view  of  one  of  these  columns 
after  the  maximum  load  had  been  applied. 

The  results  indicate  that  the  strength  of  the  columns  is  depend- 
ent upon  the  strength  of  the  concrete  mixture,  the  amount  of  the 
hooping  reinforcement,  and  the  yield  point  of  the  reinforcing.  In 
other  words,  the  additional  strength  over  that  of  plain  concrete 
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columns  is  a  function  of  the  amount  and  strength  of  the  reinforcing. 
In  Fig.  9  are  plotted  the  strength  of  the  hooped  columns  and  the 
amount  of  hooping.     The  lower  line  may  be  considered  to  repre- 
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sent  the  strength  of  the  columns  with  mild  steel  hooping.  Its  equa- 
tion is  P  =  1600  +  65,000  p,  where  p  is  the  ratio  of  the  hooping  to  the 
concrete  core.     The  upper  line  is  for  hooping  having  a  higher 
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elastic  limit.  Its  equation  is  P  =  1600+ 100,000  p.  The  columns 
reinforced  with  wire  having  a  yield  point  of  110,000  pounds  per 
square  inch,  gave  a  still  higher  strength  and,  of  course,  a  greater 
amount  of  shortening.  The  first  term  represents  the  strength  of 
plain  concrete  columns.  These  equations  are  given  tentatively 
as  expressing  the  results  of  these  experiments.  Equations  of  the 
same  general  nature  may  be  derived  from  the  results  of  other  exper- 
iments on  hooped  columns. 
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It  may  be  of  interest  to  note  the  relation  which  exists  between 
the  load  or  longitudinal  pressure  on  the  column  and  the  lateral 
pressure  which  may  be  considered  to  act  on  the  hypothesis  of  hydro- 
static pressure  to  give  the  deformation  of  the  mild  steel  bands. 
Such  of  these  tests  as  have  been  studied  indicate  that  this  hypothet- 
ical lateral  pressure  amounts  to  about  .35  of  the  longitudinal  pres- 
sure acting  in  excess  of  the  strength  of  the  plain  concrete.  Com- 
paring the  effect  of  hooping  with  the  additional  strength  given  by 
longitudinal  reinforcement  with  concrete  of  the  same  character 
(counting  in  the  latter  case  that  the  stress  in  the  steel  at  the  ultimate 
load  is  twenty-five  times  as  great  in  intensity  as  the  stress  in  the 
concrete),  it  appears  that  the  additional  strength  produced  by  a 
given  amount  of  reinforcing  material  is  from  two  to  four  times  as 
great  for  the  hooped  columns  as  for  columns  with  longitudinal 
reinforcement.  Attention  should  be  called  to  the  fact  that  since 
the  shortening  in  a  hooped  column  at  the  maximum  load  is  several 
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times  as  great  as  in  a  column  with  longitudinal  reinforcement  at 
the  yield  point  of  the  steel,  the  effect  of  combining  longitudinal 
reinforcement  and  spiral  hooping  is  uncertain. 


Fig.  8. 


An  experiment  of  some  interest  was  made  by  first  loading  a 
hooped  column  and  then  stripping  the  wire  from  it  and  testing  the 
naked  column.     This  column  was  loaded  to  2,000  pounds  per 
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square  inch,  and  showed  a  unit  shortening  of  .0036.  The  load  was 
released  and  a  set  of  .0025  was  found.  A  load  of  2,000  pounds  per 
square  inch  was  again  applied,  the  unit-shortening  becoming  .0041, 
and  then  released.  The  spiral  was  then  stripped  from  the  column 
without  taking  it  from  the  machine  and  the  naked  column  failed 
at  1,080  pounds  per  square  inch.  As  the  indications  of  the  stress- 
deformation  diagram  are  that  the  plain  concrete  would  have  held 
1,200  pounds  per  square  inch  on  first  application  of  the  load  it  may 
be  considered  that  the  concrete  sustained  90  per  cent,  of  its  original 
strength.  The  hooped  column  itself  might  have  held  2,200  or  2,400 
pounds  per  square  inch.  A  test  was  made  with  a  column  eccentric- 
ally loaded.  It  was  found  that  the  hooped  column  acted  as  would 
be  expected  of  a  homogeneous  column  under  the  same  conditions. 
This  may  have  a  bearing  upon  the  explanation  of  the  action  of  such 
columns.  An  analysis  based  on  hydrostatic  pressure  would  require 
that  the  internal  pressure  be  distributed  uniformly  over  the  column 
and  hence  only  concentric  loading  would  be  allowable. 

The  writer  feels  that  there  is  much  yet  to  be  learned  about 
hooped  concrete,  and  he  has  already  had  to  give  up  several  precon- 
ceived notions  of  the  action  of  restrained  concrete.  As  experi- 
mental work  which  helps  to  clear  up  uncertainties  may  be  of 
advantage  to  the  engineering  public,  the  writer  presents  this  matter 
without  waiting  for  a  complete  study  of  the  data,  and  gives  the 
following  tentatively  as  observations  on  these  tests: 

1.  Poisson's  ratio  for  concrete  in  compression  is  a  variable 
quantity,  increasing  considerably  just  before  the  ultimate  failure  of 
the  concrete.  A  value  of  o.i,  or  somewhat  more,  may  be  tenta- 
tively given  for  the  lower  loads,  and  0.25  to  0.3  near  the  crushing 
load.     This  concrete  set  in  air. 

2.  In  hooped  columns  the  hoops  do  not  come  into  action  to 
any  great  extent  before  a  load  equivalent  to  the  ultimate  strength 
of  plain  concrete,  or  a  little  below,  is  reached.  The  longitudinal 
deformation  and  lateral  deformation  of  the  concrete  is  not  modified 
by  the  hooping  to  any  great  extent  before  this  load  is  reached. 

3.  Beyond  this  point  both  the  longitudinal  deformation  and  the 
lateral  deformation  are  approximately  proportional  to  the  added 
load.  The  ratio  of  lateral  to  longitudinal  deformation  is  more 
nearly  constant,  and  in  these  experiments  the  ultimate  strength  of 
the  column  is  controlled  by  the  elastic  limit  of  the  hooping. 
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4.  The  total  amount  of  shortening  before  failure  occurred  was 
very  great,  averaging  something  like  eight  or  ten  times  that  for 
plain  concrete  columns,  and  sixty  times  that  for  the  ordinary  work- 
ing stress  in  plain  concrete.  The  longitudinal  shortening  is,  say, 
eight  times  that  of  mild  steel  at  its  elastic  limit.  Cracking  and 
peeling  of  the  concrete  appear  at  loads  corresponding  to  the  ordi- 
nary ultimate  strength  of  concrete. 

5.  The  excessive  amount  of  shortening  before  failure  affects 
the  problem  of  combining  hooping  and  longitudinal  reinforcement 
\ery  unfavorably,  if  the  stresses  are  to  be  kept  within  the  elastic 
limit  of  the  latter. 

6.  The  lateral  deflection  of  hooped  columns  is  large  and  may 
affect  the  ultimate  strength  which  is  available  for  the  column. 
For  continued  application  of  stress  beyond  the  maximum  load,  the 
column  deflects  enormously.  Scaling  of  surface  of  concrete,  and 
lateral  deflections  are  warning  signs  given  well  before  danger  of 
failure  exists. 

7.  The  concrete  itself  retains  a  considerable  element  of  its 
strength  even  after  it  has  been  shortened  in  a  hooped  state  four  or 
five  times  as  much  as  would  produce  failure  in  unhooped  concrete 
columns. 

8.  Columns  of  richer  and  leaner  concrete  exhibited  phenomena 
of  similar  characteristics,  the  hoop  stress  becoming  effective  at  the 
ultimate  strength  of  unhooped  concrete. 

9.  Hoops  of  high  elastic  limit  steel  give  greater  strength  than 
those  of  mild  steel,  but  the  increased  amount  of  shortening  neces- 
sary to  develop  the  full  strength  of  the  column  is  an  undesirable 
feature. 

10.  The  one  experiment  indicates  that  hooped  columns  will 
resist  eccentric  stresses  in  somewhat  the  same  way  as  will  other 
material. 

11.  Light  hooping  offers  security  against  sudden  failures  and 
unevenness  of  concretes,  and  will  enable  higher  working  stresses 
to  be  used.  In  combination  with  rich  concretes  and  longitudinal 
reinforcement,  using  low  stresses  in  the  hoops  {i.  e.,  basing  the 
strength  upon  an  assumed  ultimate  strength  but  little  beyond  the 
average  ultimate  strength  of  plain  concrete)  a  satisfactory'  column 
may  be  made.  It  is  suggested  that  a  column  of  this  character  may 
be  designed  in  such  a  way  that  the  longitudinal  reinforcement  may 
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carry  the  load  during  construction  and  still  not  be  overstressed 
later  for  the  additional  stress  which  goes  with  the  concrete,  provided 
the  basal  point  for  the  column  strength  is  somewhat  below  the 
ultimate  strength  for  plain  concrete. 

12.  Heavy  hooping  gives  added  strength,  but  in  utilizing  the 
full  strength  of  such  columns  the  column  shortens  unduly,  deflects 
laterally,  and  will  strain  longitudinal  reinforcement  many  times 
beyond  the  deformation  which  exists  at  the  elastic  limit  of  the 
metal.  It  may  be  applicable  where  a  large  limit  of  safety  is  desired, 
or  where  large  variations  in  shortening  are  unobjectionable,  as 
where  the  structure  is  articulated.  So  far  as  ultimate  strength  is 
concerned,  hooping  adds  two  to  four  times  as  much  strength  to  the 
column  as  does  an  equal  amount  of  longitudinal  reinforcement. 


NOTES  ON  SOME  ADDITIONAL  TESTS  OF  CONCRETE 

COLUMNS. 

By  James  E.  Howard. 

In  continuing  the  tests  of  concrete  columns  at  the  Water- 
town  Arsenal  Testing  Laboratory,  reinforcing  material  has  been 
provided  adequate  to  illustrate  the  more  prominent  features 
pertaining  to  concrete  strengthened  by  means  of  external  lateral 
support.  Strong  hoops  and  helixes  of  different  sized  wires  and 
pitches  of  coils  will  be  used  to  reinforce  different  concrete 
mixtures. 

The  two  principal  questions  which  present  themselves  for 
consideration  in  the  employment  of  concrete,  plain  or  reinforced, 
are  strength  and  rigidity.  Referring  first  to  reinforcement  by 
means  of  longitudinal  bars  imbedded  in  the  concrete,  it  is  evident 
that  ultimate  strength  may  be  progressively  raised  by  successive 
increase  of  the  proportion  of  s  eel  until  finally  an  all-steel  column 
results,  and  there  can  be  no  doubt  that  a  column  composed  chiefly 
of  steel  will  be  more  rigid  than  one  composed  chiefly  of  concrete, 
whatever  the  mixture  of  the  latter  may  be,  although  experiments 
have  shown  that  a  small  percentage  of  steel  does  not  promote 
rigidity,  or  at  least  not  always.  As  to  the  intensity  of  the  com- 
pressive stresses  in  the  steel,  they  become  greater  over  observed 
parts  of  the  tests  as  the  concrete  mixtures  are  made  leaner,  a  given 
percentage  of  steel  being  present,  while  the  total  load  carried  by 
the  steel  will  increase  in  a  given  concrete  mixture  as  the  percentage 
of  metal  increases.  This  states  the  general  behavior  of  concrete 
reinforced  with  longitudinal  b:,rs,  modifications  being  introduced 
affecting  the  relative  loads  on  the  steel  and  the  concrete  according 
to  the  method  of  applying  the  stresses.  An  inspection  of  the 
measured  compression  cleformutions  given  in  the  details  of  the 
Arsenal  tests  wall  show  the  range  of  stresses  taken  by  the  longitu- 
dinal bars  at  different  stages  of  loading.  It  will  be  understood 
that  the  resistance  of  the  concrete  is  not  increased  by  the  presence 
of  the  longitudinal  bars,  the  latter  merely  relieving  the  concrete  of 
a  portion  of  the  total  load  placed  on  the  column.     The  strength 
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of  the  concrete  may,  however,  seemingly  be  increased  by  reason 
of  variations  in  the  intensity  of  the  stresses  on  the  bars  giving 
extra  support  here  and  there  to  zones  of  local  weakness.  The  ad- 
hesive resistance  between  the  concrete  and  the  steel  favors  action 
of  this  kind. 

Now,  passing  to  the  method  of  reinforcement  by  means  of 
external  lateral  support,  here  a  true  increase  in  the  resistance  of 
the  concrete  may  occur,  and  higher  loads  attained  without  impair- 
ment of  the  integrity  of  structural  state.  The  physical  properties 
of  dense  -materials,  so  far  as  kno\\Ti,  are  not  affected  by  loads  of 
cubic  compression,  and  an  efficient  system  of  lateral  support  intro- 
duces conditions  approaching  those  present  in  cases  of  cubic 
compression.  If  such  an  end  was  fully  attained  in  a  reinforced 
column,  apparently  there  would  be  no  practical  hmit  to  the  strength 
of  the  concrete.  Of  course  it  is  not  feasible  to  provide  adequate 
external  support  to  meet  this  ultimate  possibility,  but  whatever 
is  accomplished  in  the  direction  of  the  diminished  de^'elopment 
of  strains  tends  toward  increased  strength  of  the  material.  It  is  a 
practical  question  to  judge  how  far  it  is  expedient  to  provide  rein- 
forcing material,  and  a  problem  to  experimentally  determine  in 
what  degree  direct  compressibility  is  modified  or  lateral  expansion 
of  the  concrete  restricted  thereby.  If  it  was  possible  to  wrap  a 
finished  column  with  a  steel  wire  helix,  putting  the  concrete 
under  initial  strains  before  loading,  maximum  strength  would  be 
expected.  In  practice  possibly  the  external  reinforcement  may  not 
initially  be  in  close  contact  with  the  concrete,  or  it  may  even  be 
loose  in  places,  and  fail  to  give  support  during  the  early  stages  of 
loading. 

The  Arsenal  tests  in  progress  are  expected  to  show  the  degree 
in  which  the  rigidity  of  the  concrete  is  influenced  by  the  use  of  wire 
hehxes,  covering  the  range  of  material  used  in  current  engineering 
practice.  The  conditions  existing  in  columns  of  earlier  tests  were 
such  that  probably  ho  material  gain  in  rigidity  was  realized  -from 
the  presence  of  the  exterior  reinforcement.  The  wide  range  of 
material  to  be  used  in  the  coming  tests  should  afford  information 
along  this  line  of  inquiry.  UUimate  strength  will  be  substantially 
raised,  probably,  even  though  the  structural  integrity  of  the  con- 
crete is  not  maintained  until  the  maximum  load  is  reached.  Toose 
material  within  a  suitable  envelope  should  necessarily  sustain  high 
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stresses  and  transmit  loads  to  parts  beyond.  Economic  as  well 
as  engineering  questions  seem  involved  in  the  design  and  use  of 
reinforced  concrete. 

Referring  now  to  some  columns  comprised  in  the  exhibit  of 
the  Waterto\\Ti  Arsenal  Testing  Laboratory  at  the  Jamestown 
Exposition,  two  are  there  exhibited  of  considerable  strength.  One 
i5  a  plain  neat  cement  column,  the  other  a  reinforced  concrete  of 
1:2:2  mixture,  with  a  steel  wire  helix  as  the  principal  rein- 
forcement. The  neat  cement  column  was  loaded  with  7,000  pounds 
per  square  inch  and  the  test  then  discontinued.  No  apparent 
injury  resulted  from  the  apphcation  of  this  load.  It  is  well  to  bear 
in  mind  the  load  successfully  sustained  by  this  neat  cement  column, 
when  considering  the  strength  of  ordinary  concrete  mixtures. 
The  reinforced  column  reached  a  maximum  stress  of  7,726 
pounds  per  square  inch,  referred  to  the  sectional  area  within 
the  steel  wire  helix.  The  column  had  an  exterior  shell  which 
flaked  off  before  attaining  the  maximum  load,  leaving  the  full 
stress  to  be  sustained  by  the  concrete  enclosed  by  the  helix. 
Notwithstanding  the  high  resistance  displayed  by  this  column,  it 
would  probably  have  reached  a  still  higher  limit  had  not  local 
failure  occurred  at  the  upper  end  where  there  was  about  an  inch 
of  unsupported  concrete  above  the  helix.  At  the  lower  end  the 
last  coil  of  the  hehx  came  to  a  bearing  against  the  platform  of  the 
testing  machine.  The  reinforcing  metal  of  this  column  was  fur- 
nished by  Air.  R.  Baffrey,  President  Hennebique  Construction 
Company,  New  York. 

Accompanying  these  columns  was  a  third  one,  now  sustaining 
a  stress  of  1,000  pounds  per  square  inch,  the  load  being  main- 
tained by  means  of  steel  side  rods.  This  column  belongs  to  a 
series  on  the  endurance  of  concrete  under  long-continued  loads,  the 
composition  of  the  column  being  1:1:2. 

Recognizing  the  interest  which  attaches  to  material  in  the 
condition  actually  used  in  constructive  work,  invitations  have 
been  extended  constructing  engineers  and  others  in  several  cities, 
requesting  them  to  send  to  WatertowTi  for  test  purposes  columns 
made  under  their  direction,  representing  current  work,  to  be 
taken  directly  from  work  in  process  of  execution.  Favorable 
responses  have  been  received  and  columns  are  now  in  transit  to 
the  Arsenal,  while  others  are  being  made  in  accordance  with  this 
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invitation,  co-operating  with  the  x\rsenal  and  giving  wider  scope 
to  the  present  series  of  tests  by  furnishing  practical  examples  of 
work,  supplementary  to  the  laboratory-made  columns. 


THE  EFFECT  OF  OIL  ON  CEMENT  MORTAR. 


By  R.  C.  Carpenter. 

I  have  been  unable  to  find  any  references  to  tests  showing  the 
effect  of  oil  on  concrete,  *  although  the  question  is  often  of  con- 
siderable importance  in  connection  with  foundations  for  machin- 
ery. I  find  that  the  impression  is  frequently  held  among  engineers 
that  oil  used  in  machinery  is  injurious  to  concrete  foundations. 

In  order  to  ascertain  the  effects  of  oil  on  concrete,  Mr.  Sawdon, 
an  instructor  in  the  Mechanical  Laboratory  of  Sibley  College, 
Cornell  University,  made  the  following  investigations,  which, 
although  not  sufficient  to  fully  decide  the  matter,  will,  I  believe, 
throw  some  light  on  the  question. 

The  cxperi  Tients  were  conducted  by  making  briquettes  of 
neat  cement  to  which  2  per  cent,  of  oil  was  added  in  addition  to  the 
water  These  briquettes  were  tested  for  tensile  strength  at  the  end 
of  24  hours,  7  days  and  28  days.  As  a  basis  of  com.parison,  a  test 
was  also  made  of  briquettes  made  from  the  same  cement  in  the 
same  manner  without  the  addition  of  oil.  Another  series  of  tests 
was  made  on  normal  briquettes  of  neat  cement  which  were  kept  in 
water  8  days,  after  which  they  were  soaked  in  oil  for  20  days. 
Tables  I,  II  and  III  give  the  results  of  the  various  tests. 

TABLE  I. — Soundness  Pats — Neat  Cement. 
23  per  cent,  water. 


No. 

Treatment. 

Test. 

Results. 

Remarks. 

I 

I  day  in  moist  air 

Boiled  3  hours  .  . 
8  days  m  linseed 

Sound . . 

Without  oil. 

2 

I  day  in  moist  air 

Sound . . 

Without  oil. 

oil. 

3 

I  day  in  moist  air 

8  days  in  engine 

oil. 
Boiled  3  hours  .  . 

Sound . . 

Without  oil. 

4 

I  day  in  moist  air 

Sound . . 

With  2  per  ct. 

linseed  oil. 

S 

I  day  in  moist  air 

Boiled  3  hours  . 

Sound . . 

With  2  perct. 
engine  oil. 

All  the  pats  adhered  to  the  glass. 


*  Since  this  paper  was  written  the  attention  of  the  author  has  been 
called  to  an  extensive  series  of  tests  upon  the  effect  of  oil  on  concrete 
by  Mr.  J.  C.  Hain,  Engineer  of  Masonry  Construction  of  the  Chicago, 
Milwaukee  and  St.  Paul  Railway,  published  in  The  Engineering  News, 
January  16,  1905.  (398) 
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Table  II. — Texsiox  Tests  of  Cement  Mortar  ix  Oil. 


Neat  Cement. 

Setting. 

Days  in 

Strength  in  lbs. 
per  sq.  in. 

23  per  ct.  Water. 

Air. 

Water. 

Earth 
Test. 

Average . 

r 

I 

0 

430 

No  oil 

Allowed  to  set  24  hours 
in  moist  air 

6 
6 

27 
27 

753  \ 
640  J 

735  \ 
751  / 

696 
743 

2  per  cent. 

Allowed  to  set  24  hours 
in  moist  air                       1 

0 
0 
6 

190  1 
170  J 

455  \ 
532  J 

iSo 

linseed  oil. 

6 

493 

27 
27 

618  ■) 

525  / 

572 

2  per  cent, 
engine  oil. 

Allowed  to  set  24  hours 
in  moist  air 

0 
0 
6 

320  ■) 
345  / 

332 
689 

No  oil 

Allowed  to  set  24  hours  f 

I             27 
Linseed  oil . 

696 
720 

in  moist  air,  1 0  davs  in  < 

Engine  oil.  • 

692 

673 

water  and  8  days  in  oil  ( 

Engine  oil . . 

655 

Table  III. — Summary  of  Results. 

Lbs.  per  sq.  in. 

24  hrs. 

7  days. 

28  days. 

Neat  cement    no  oil 

430 
180 

332 

696 

493 
687 

743 
572 
696 

693 

720 

Mixed  with  2  per  cent,  linseed  oil 

^lixed  with  2  per  cent,  engine  oil 

Soaked  after  8  davs  in  engine  oil 

Soaked  after  8  days  in  linseed  oil 

Considering  the  results  of  this  experiment,  it  is  noted  that  the 
effect  of  the  oil  when  mixed  with  the  cement  is  to  materially  retard 
the  hardening  process,  and  this  is  more  marked  with  the  linseed  oil 
than  with  the  engine  oil.  Even  at  the  end  of  the  28-dav  period  the 
briquettes  mixed  with  2  per  cent,  oil  were  materiallv  weaker  than 
those  without  oil,  although  of  sufficient  strength  to  pass  most 
specifications. 

The  soaking  of  briquettes  which  were  8  days  old,  for  20  davs 
in  oil,  apparently  had  no  material  effect  when  linseed  oil  was  em- 
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ployed,  and  had  a  sensible  weakening  effect  when  engine  oil  was 
used. 

The  results  of  the  tests  referred  to  are  being  supplemented  by 
more  extensive  tests  not  yet  completed.  It  will  be  noted  in  con- 
nection with  these  tests  that  adding  2  per  cent,  of  oil  to  the  cement 
did  not  affect  the  soundness  test. 


DISCUSSION. 


Mr.  L.  W.  Walter. — Such  remarks  as  I  shall  make  will  not  Mr.  Waiter, 
cover  the  subject  very  broadly.  I  have  made  some  experiments,  how- 
ever, to  determine  whether  the  application  of  oil  to  briquette  molds 
would  affect  the  strength  of  the  briquettes.  I  accordingly  added 
oil  to  cement  in  the  proportions  of  one,  two  and  three  per  cent., 
and  concluded  from  the  results  of  the  experiment  that  it  is  safe  to 
use  oil  on  the  molds  in  quantities  sufficient  to  insure  against  the 
adhesion  of  the  cement  to  the  molds  and  thus  to  provide  for  more 
easily  cleaning  the  latter.  While  my  object  was  not  to  determine, 
through  extensive  tests,  the  effect  of  the  oil  on  cement,  I  found 
that  its  presence  in  the  proportions  stated,  does  not  seem  to  be 
appreciably  detrimental. 

Mr.  S.  a.  Brown. — To  study  the  effect  of  oil  on  mortars,  I  Mr.  Brown, 
made  a  few  experiments  in  a  small  way  by  constructing  a  number 
of  little  bowls  of  i :  2  mortar,  using  a  graded  bank  sand  and  putting 
in  these  bowls  different  kinds  of  oils  (linseed,  lard,  machine  and 
kerosene),  I  have  not  as  yet  (the  time  being  about  one  year) 
noticed  any  evident  injurious  effect  on  these  mortars  although  the 
hydrocarbon  oils  very  readily  penetrate  any  mixture.  Even  in  the 
case  of  a  neat  cement  bowl  the  kerosene  completely  saturated  it. 

I  also  made  bowls  which  I  filled  with  various  solutions. 
Those  which  showed  signs  of  affecting  the  mortar  are :  ammonium 
chloride  which  caused  the  bowl  to  crack  and  split  around  the  edge 
although  the  mortar  did  not  disintegrate;  vinegar,  which  attacked 
the  bowl  forming  a  black  soft  mass  easily  removed.  Caustic 
soda,  lye  and  sodium  carbonate  (washing  soda)  which  caused  a 
dissolving  of  the  fine  coating  on  the  interior  of  the  bowls  and  in 
some  cases  scaling  and  cracking,  the  mortar  not  disintegrating. 

Mr.  C.  W.  Boynton. — Some  time  ago  one  of  the  engineering  Mr.  Boynton. 
journals  published  an  account  of  a  test  made  by  the  St.  Paul  Rail- 
road, which,  it  seems  to  me,  was  more  extensive  than  anything 
mentioned  here  this  morinng. 

The  test  was  made  with  different  cements  used  neat,  and 
26  (401) 
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Tde  Chairman. 


Mr.  Meade. 


Mr.  Boynton.  extended  over  quite  a  long  j)eri()d  and  with  a  large  \'ariety  of  oils. 
I  was  permitted  to  sec  the  test  pieces,  and  the  effect  of  oil  on  some 
of  the  cements.  The  effect  of  some  of  the  oils  on  all  cements  was 
ver}'  marked. 

The  specimens  were  made  in  the  form  of  briquettes  and 
placed  in  open  trays  with  the  oil.  In  some  cases,  as  I  now  remem- 
ber, the  briquettes  increased  in  size  as  much  as  75  per  cent.  In 
appearance  they  resembled  a  very  bad  specimen  under  the  boiling 
test.  I  think  anyone  interested  in  this  subject  would  do  well  to 
look  up  the  article  referred  to. 

The  Chairman  (Mr.  Robert  W.  Lesley). — I  should  like  to 
ask  whether  any  one  present  has  ever  found  that  an  engine  room 
floor  is  injured  by  oil. 

Mr.  R.  K.  Meade. — We  (Dexter  Portland  Cement  Co.)  have  a 
great  deal  of  very  large  machincrv'  in  which  it  is,  of  course,  neces- 
sar}'  to  keep  the  bearings  bathed  in  oil  all  the  time.  The  oil  which 
escapes  from  these  bearings  runs  into  a  well,  but  in  spite  of  this 
a  great  deal  of  it  gets  over  the  concrete  foundations  and  in  a  short 
time  the  latter  are  soaked  with  oil,  yet  I  have  never  seen  the  slight- 
est sign  of  disintegration  in  any  of  our  foundations,  some  of  which 
have  been  subjected  to  a  continuous  drip  of  oil  for  over  six  years. 

There  is  ver}'  little  reason  for  making  an  experiment  in  which 
the  briquettes  are  made  with  the  water  and  oil,  because  that  is  a 
condition  we  do  not  get  in  practice.  The  condition  actually  met 
with,  is  that  of  cement  mortar,  fully  hardened  in  air  and  then  sur- 
rounded by  oil.  In  nearly  all  cases  too  I  think  the  tests  had  better 
be  made  on  sand  briquettes  instead  of  on  neat  briquettes  and  also 
on  briquettes  made  with  normal  building  sand,  as  in  the  latter 
there  are  usually  a  smaller  number  of  voids  than  are  met  with  in 
briquettes  made  with  standard  sand.  The  denser  the  briquette 
the  better  it  will  resist  outside  agencies.  I  think  if  we  could  get 
some  experiments  made  along  this  line  the  information  would  be 
valuable. 

Mr.  Brown.  Mr.  Brown. — I  should  like  to  ask  whether  the  oil  used  was 

animal  or  ^•egetable  oil.  From  what  I  understand  of  Mr.  Grie- 
senauer's  tests,  disintegration  was  caused  by  acids  present  in 
vegetable  and  animal  oils.  As  I  have  said,  I  noticed  no  effect  from 
hydrocarbon  oils  on  the  bowls  that  I  made. 

Mr.  Meals.  Mr.  Meade. — I  do  not  think  there  is  any  question  but  what 
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there  is  something  in  wliat  Mr.  Brown  says.  Cylinder  oils  and  Mr.  Meade. 
oils  of  that  class,  in  which  animal  oils  are  put  for  the  purpose  of 
making  them  adhere  better  to  the  wet  cylinder,  are  all  in  time 
partially  decomposed  forming  quite  a  bit  of  fatty  acid.  I  may 
say  in  this  connection,  however,  that  concrete  will  resist  weak  acids 
very  well,  and  these  fatty  acids  are  vers-  weak  ones.  At  Lafayette 
College,  some  years  ago,  we  built  a.  new  chemical  laboratory,  in 
which  we  desired  to  line  the  hoods  with  some  fire-proof  material. 
The  floors  to  these  hoods  were  subjected  to  more  or  less  strong 
mineral  acid,  spilled  upon  them  by  careless  or  inexperienced 
students.  We  tried  first  lining  the  hoods  with  a  mixture  of  cement 
and  limestone,  but  found  that  wherever  acids  were  dropped  the 
concrete  was  eaten  away  according  to  the  amount  of  acid  spilled, 
etc.  When  we  used  sand,  however,  we  found  that  the  acid  when 
spilled  ate  a  little  bit  of  the  cement  out  of  the  concrete,  but  that 
there  was  deposited  in  its  place  gelatinous  silica,  which  is  itself 
a  fairly  good  cement  and  which  at  any  rate  stops  up  the  pores  of 
the  concrete  and  protects  it  from  further  corrosion  by  the  acid. 
Where  cement  has  to  withstand  the  action  of  oils  liable  to  form 
fatty  acids,  therefore,  it  might  be  well  to  use  a  sand  and  gravel 
concrete,  as  the  more  resistant  to  acids.  I  must  say,  however, 
that  our  foundations  at  the  mill  are  all  made  with  crushed  cement- 
rock  (argillaceous  limestone)  and  we  have  never  observed  any 
disintegration  in  that  part  of  them  exposed  to  the  oils. 

Mr.  Boynton. — By  my  previous  remarks,  I  do  not  wish  it  Mr.  Boynton. 
understood  that  I  fear  the  effect  of  oil  as  it  may  come  in  contact 
with  concrete  in  practice.     I  have  never  seen  machiner}'  founda- 
tions affected  by  the  drippings  of  oil  upon  them. 

]\Ir.  Walter. — I  have  heard  of  the  failure  of  cement  to  set  Mr.  Walter, 
or  harden  attributed  to  the  presence  of  crude  oil  in  the  mixing 
water.  I  don't  know  that  I  can  name  any  particular  case  where 
the  failure  of  cement  to  act  properly  was  due  to  the  presence  of 
oil  in  the  water,  I  have  heard  of  instances  where,  apparently,  this 
peculiar  action  could  be  attributed  to  no  other  cause,  and  I  think 
the  impression  is  had,  to  some  extent,  that  it  is  not  safe  to  use  sur- 
face water  from  the  vicinity  of  an  oil  well  in  mixing  concrete. 
I  do  not  wish  to  be  understood  as  supporting  this  claim,  but  I 
should  like  to  hear  from  some  cement  manufacturers  to  learn 
whether  they  have  any  trouble  from  this  source. 


NVESTIGATION  OF  THE  THERMAL  CONDUCTIVITY 
OF  DIFFERENT  CONCRETE  MIXTURES  AND  THE 
EFFECT  OF  HEAT  UPON  THEIR  STRENGTH  AND 
ELASTIC  PROPERTIES. 

By  Ira  H.  Woolson. 


This  paper  is  a  record  of  experiments  made  in  continuation  of 
an  investigation  begun  two  years  ago,  and  partially  reported  at  the 
two  previous  meetings  of  this  Society.     (See  Vols.  V  and  VI.) 

Conductivity  Tests. 

It  was  found  last  year  that  thermo-couples  imbedded  in 
blocks  of  concrete  for  purpose  of  measuring  internal  temperatures 

when  the  blocks  were  heated,  were 
likely  to  be  shifted  in  tamping  the  wet 
mixture,  thus  making  it  difhcult  to 
measure  the  temperature  from  exact 
positions.  To  obviate  this  trouble  a 
single  specimen  was  made  with  a 
series  of  holes  running  in  from  the 
back  face  to  points  at  definite  dis- 
tances from  the  front  face  to  which 
heat  was  appUed.  The  results  ob- 
tained from  this  plan  were  so  satis- 
factory it  was  decided  this  year  to 
repeat  the  cx]:)eriment  using  trap, 
gravel,  and  cinder  mixtures  for  com- 
parison. 

Two  specimens  of  each  mixture  were  made.  Fig.  i  * 
gives  the  size  of  the  blocks,  and  the  location  of  the  holes  in 
which  the  thermo-couples  were  placed.  The  arrangement  was 
varied  slightly  from  last  year,  in  order  to  keep  the  outside 
couples   from   being  affected  by  heat   transmitted   through   the 

*  Acknowledgment  is  made  to  the  Engineering  News  for  most  of 
the  cuts  used  in  this  paper. 
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ends  of  the  blocks  from  the  furnace  walls.  The  blocks  were 
placed  for  test  in  the  gas  furnace  doorway,  the  same  as  last  year 
(see  Vol.  VI,  p.  440,  Fig.  8).  Seven  couples  were  used,  and  were 
so  located  as  to  indicate  the  temperature  at  points  var}^ing  from 
I  inch  to  6  inches  from  the  heated  face.  It  was  found  that  this 
arrangement  of  couples  nearly  ehminated  the  effect  of  heat  from 
the  side  walls.  The  method  of  test  was  essentially  the  same 
as  that  described  last  year,  except  that  the  duration  of  the  test 
was  cut  from  five  hours  to  two  hours.  It  was  decided  that  the 
shorter  period  would  give  sufficient  evidence  to  classify  the 
different  mixtures  while  effecting  a  considerable  saving  in  time. 

The  aggregate  used  was  a  1-2-4  naixture  of  cement,  sharp 
sand,  and  f  in.  crushed  trap  rock,  or  a  corresponding  size  of  clean 
quartz  gravel.  In  the  cinder  mixture  the  proportion  was  changed 
to  1-2-5,  and  the  cinder  employed  was  a  fair  quaHty  boiler  cinder, 
with  most  of  the  fine  ashes  removed.  The  cement  was  an  equal 
mixture  of  Atlas,  Lehigh  and  Vulcanite.  The  concrete  was  mixed 
moderately  wet,  and  well  tamped.  The  specimens  were  left  in 
the  molds  24  hours,  then  placed  in  water  for  48  hours;  after  this 
they  were  kept  moist  for  two  to  three  weeks,  after  which  they  were 
given  a  good  opportunity  to  dr)\  They  were  about  two  months 
old  when  tested. 

In  making  the  t  ^sts  the  furnace  temperature  was  brought  up  to 
500°  F.  in  approximately  45  minutes  and  held  there  throughout 
the  remainder  of  the  test.  Figs.  2  and  3  are  the  curve  sheets  for 
these  tests.  Each  curve  is  marked  with  a  figure  indicating  the 
distance  from  the  heated  surface  at  which  the  readings  were  taken. 
There  are  dupHcate  tests  of  each  mixture.  The  shape  of  the  curves 
is  much  the  same  as  those  of  last  year.  There  is  the  characteristic 
lag  at  the  212°  point,  due  to  the  evaporation  of  water  in  the  con- 
crete. The  time  required  to  do  this  increases  with  the  distance 
inward  from  the  heated  face. 

In  Fig.  2  it  wiU  be  noted  that  the  curves  for  some  of  the  points 
nearest  the  heated  surface  have  a  marked  depression  between  the 
two  and  three  hundred  degree  limits.  This  is  probably  due  to  the 
fact  that  the  outer  surface  of  the  block  was  dried  out  to  a  depth 
of  one  or  more  inches  and  the  heat  in  this  region  rose  gradually 
until  it  penetrated  to  the  moisture  further  in  the  block,  causing-  it  to 
expand  and  forcing  it  outwards  towards  the  heated  portion  where  it 
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was  turned  into  steam,  thus  absorbing  the  heat,  and  lowering  the 
temperature.  When  the  moisture  was  evaporated,  the  temperature 
rose  again  in  the  regular  way.  This  pecuHarity  is  not  noticeable 
in  the  cinder  concrete,  probably  for  the  reason  that  the  concrete 
being  more  porous,  dried  out  better,  and  for  the  same  reason  per- 
mitted the  heat  to  drive  what  moisture  there  was  before  it  through 
the  block.  The  curves  of  Fig.  2  are  permissible  of  very  close 
comparison  since  the  specimens  were  all  of  the  same  age  (2^ 
months)  and  all  in  the  same  condition.  The  curves  of  furnace 
temperature  are  also  practically  the  same.  It  will  be  noted  that 
the  conductivity  characteristics  for  trap  and  gravel  are  almost 
identical,  and  that  cinder  is  a  better  conductor  than  either. 

In  Fig.  3  the  curves  are  not  quite  so  satisfactory  for  two  rea- 
sons. First,  the  furnace  temperatures  were  not  as  well  regulated, 
due  to  various  causes  beyond  control,  and  secondly,  two  of  the 
specimens  had  been  subjected  to  a  hot  drying  atmosphere  for 
several  days  in  an  effort  to  get  rid  of  the  interior  moisture.  How- 
ever, the  results  are  of  value  as  confirmatory  evidence. 

The  conclusions  we  may  draw  from  this  data  arc:  That  all 
concretes  have  a  very  low  thermal-conductivity,  and  herein  lies 
their  ability  to  resist  fire.  That  when  the  surface  of  a  mass  of 
concrete  is  exposed  for  hours  to  a  high  heat,  the  temperature  of  the 
concrete  one  inch  or  less  beneath  the  surface  will  be  several 
hundred  degrees  below  the  outside.  That  a  point  two  inches 
beneath  the  surface  would  stand  an  outside  temperature  of  1,500° 
for  two  hours,  with  a  rise  of  only  500  to  700°,  and  points  with  three 
or  more  inches  of  protection  would  scarcely  be  heated  above  the 
boiling  point  of  water. 

The  fact  that  the  cinder  concrete  showed  a  higher  thermal- 
conductivity  than  the  stone  concrete  would  indicate  that  its  well- 
knowTi  fire-resistive  quahties  are  due,  in  part  at  least,  to  the  incom- 
bustible quahty  of  the  cinder  itself. 

Although  the  thermal-conductivity  of  the  gravel  concrete  was 
fully  as  low  as  that  of  the  trap,  it  must  nevertheless  be  condemned 
as  a  first-class  fire-resisting  mixture.  All  the  specimens  of  gravel 
concrete  tested  were  badly  disintegrated  by  the  heat.  The  gravel 
specimens  would  crack  and  crumble  in  pieces  when  the  trap  and 
cinder  specimens  under  similar  treatment  would  remain  firm  and 
compact.     These  results  are  in  complete  confirmation  of  those 
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reported  last  year  which  were  received  by  some  of  the  mem- 
bership with  considerable  skepticism.  The  writer  is  convinced 
that  concrete  made  from  this  particular  gravel  is  not  rehable  as  a 
fire  resisting  material.  \Vhether  other  grades  of  gravel  would 
give  equally  unsatisfactor}^  results  is  a  matter  for  investigation. 

The  cause  for  this  failure  of  the  quartz  mixture  is  not  easy 
to  locate.  The  most  plausible  reason  seems  to  be  the  relatively 
large  coefficient  of  expansion  of  the  quartz.  It  is  about  twice 
that  of  feldspar,  whicli  is  one  of  the  predominant  minerals  in  trap 
rock.  Clark's  "Constants  of  Nature,"  published  by  the  Smith- 
sonian Institute,  gives  the  cubical  coefficient  of  expansion  for  these 
minerals  as  follows : 

Quartz 000036 

Feldspar 0000 1 7 

According  to  the  same  authority,  quartz  has  another  peculiarity  of 
expansion,  viz.,  that  the  expansion  in  the  direction  of  the  major 
axis  is  only  half  that  in  the  direction  of  the  axis  perpendicular 
to  the  major  axis.  This  unequal  expansion  may  further  contri- 
bute to  its  tendency  to  disintegrate  the  concrete  under  action  of 
heat. 

Since  the  distribution  of  gravel  is  much  more  general  than 
trap,  the  subject  is  of  much  importance  and  tests  should  be  made  to 
determine  if  other  gravels  are  equally  defective. 

Conductivity  of  Imbedded  Steel. 

In  connection  with  the  investigation  of  the  conductivity  of  con- 
crete itself,  some  tests  were  made  to  determine  the  conductivity  of 
steel  imbedded  in  concrete.  In  making  fire  tests  upon  full  size 
reinforced  concrete  floors  the  writer  has  noticed  that  a  reinforcing 
rod  exposed  for  hours  to  a  bright  red  heat  would  only  develop  a 
temperature  of  a  few  hundred  degrees  in  adjacent  portions  im- 
bedded two  or  three  feet  in  the  concrete.  This  fact  suggested  the 
idea  of  this  part  of  the  investigation. 

The  specimens  for  this  test  were  made  by  imbedding  f  in. 
square  steel  bars  in  blocks  of  concrete  3  ft.  long  and  8  in.  square. 
The  bars  projected  6  in.  beyond  the  end  of  the  concrete.  Holes 
\  in.  deep  were  drilled  into  the  bars  at  regular  distances  apart,  and 
corresponding  holes  made  in  the  concrete.  (See  Fig.  4.)  Two 
specimens  of  each  mixture  were  made  under  the  same  conditions 
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as  the  other  specimens,  and  were  tested  when  about  two  months 
old.  Two  specimens  at  a  time  were  placed  with  the  projecting 
bars  in  the  doorway  of  the  furnace,  the  concrete  being  of  such  size 
that  it  completely  filled  the  openings. 

Thermo-couples  were  inserted  in  the  holes  in  the  bars  nearest 
the  fire,  and  thermometers  in  the  others.  The  temperature  of  the 
furnace  was  raised  to  1,700°  F.  in  an  hour  and  held  there  for  an 
hour  longer.  Temperatures  were  read  in  each  hole  every  five 
minutes.  The  idea  of  the  test  was  that  the  projecting  ends  of  the 
bars  would  be  held  at  a  high  heat  while  the  concrete  would  be 
comparatively  cool  except  the  end  which  faced  the  fire. 

The  results  are  shown  in  the  curves  in  Figs.  5  and  6.  Each 
curve  is  numbered  and  the  following  table  indicates  the  distance 


Fbrncrce 
Couple 


Support 
Thermometers' 


Plan 


Thermo- Coup/e  Holes 
■Asbestos 

Board       J ^Furnace 

Couple 


-30 ~  ►< 

Ele  va+ion . 

Fig.  4. 


of  the  point  at  which  readings  were  taken  for  that  curve,  from  the 
heated  face  of  the  concrete. 


No.  I —  2 

inches  from  heated  face. 

No.  2—  5 

No.  3—  8 

No.  4 — II 

No.  5—17 

No.  6 — 23 

No.  7 — 29 

As  iron  is  known  to  be  a  good  conductor  of  heat  it  was 
expected  that  a  considerable  portion  of  the  imbedded  bar  would 
attain  a  temperature  nearly  that  of  the  exposed  end.  It  was  there- 
fore surprising  to  find  that  after  the  projecting  end  of  the  bar,  and 
the  end  face  of  the  concrete  had  been  held  at  a  temperature  of 
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1,700°  for  an  hour,  a  point  in  the  bar  two  inches  from  the  heated 
face  of  the  concrete  had  developed  a  temperature  of  only  i,ooo°, 
or  a  drop  of  700°.  Fig.  5  shows  this  very  clearly.  It  also  shows 
that  a  point  five  inches  in  the  concrete  acquired  a  temperature  of 
only  400°  to  500°.  Also  that  a  point  eight  inches  in,  only  reached 
the  temperature  of  boiling  water,  and  the  balance  of  the  bar 
retained  ver}'  little  heat.  The  results  were  practically  the  same 
for  all  three  mixtures.  The  curves  show  the  usual  lag  due  to 
moisture,  but  this  is  less  apparent  in  the  cinder  mixture,  showing 
it  W3.S  dryer.     Although  these  results  are  very  interesting,  it  was 
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discovered  that  they  were  somewhat  misleading,  for  by  testing 
one  of  the  same  bars  without  the  concrete  in  the  open  air  with  one 
end  heated  over  a  gas  furnace,  it  was  found  that  the  travel  of  heat 
along  the  bar  was  really  very  small.  Only  a  single  test  was  made, 
but  it  served  to  demonstrate  the  fact  that  air  radiation  protected  the 
bar  from  heat  as  well  as  the  concrete.  Fig.  7  shows  the  results 
of  this  test.  The  points  are  the  same  as  in  the  previous  tests. 
The  test  was  continued  for  only  one  hour,  for  the  parallelism 
of  the  curves  indicated  that  the  rate  of  radiation  was  just  equaling 
the  rate  of  reception. 

These  experiments  indicate  that  where  reinforcing  metal  is 
exposed  in  the  progress  of  a  fire,  only  so  much  of  the  metal  as 
is  actually  bare  to  the  fire  is  seriously  affected  by  it. 
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Strength  Tests. 

A  few  tests  were  made  to  determine  the  strength  and  elasticity 
of  the  dilTerent  mixtures  both  with  and  without  heat  treatment. 
The  results  of  these  tests  are  given  in  the  following  tables. 

The  heat  was  raised  to  1,500°  F.  in  45  minutes  and  held  there 
for  the  remainder  of  the  test. 

The  tables  show  the  usual  deterioration  due  to  heat,  also  that 
the  trap  was  decidedly  the  strongest  mixture  both  before  and  after 
heating.  The  gravel  was  next  in  grade  when  unheated,  but  was  a 
complete  failure  after  heating  even  for  one  hour  on  one  side  only. 
The  cinders  gave  the  least  strength  of  all — about  half  that  of  the 
trap,  with  corresponding  weakening  due  to  heating. 

Table  I. 
7  X  7  X  7  in.  Specimens-Age,  2  months. 


Breaking  load.    Lbs.  per  sq.  in. 

Material. 

Not  heated. 

Heated  all  over 
I  hr. 

Heated  all  over 
2  hrs. 

Trap 

a — 2,460 
b — 2,520 

a — 1,684 
b— 1,730 

a — 1,090 
b — 1,420 

1,690 
1,767 

(crumbled  in 
pieces) 

621 
796 

1,01 1 

Gravel 

1,198 
(crumbled  in 

Cinder 

pieces) 
455 

T.\BLE  II. 

6  X  6  X  14  in. -Prisms. 


Breaking  load.     Lbs.   per  sq.  in. 

Material. 

Not  heated. 

Heated  one  side         Heated  one  side 
I  hr.                '              2  hrs. 

Trap 

a — 1,945 
b — 1,845 

a— 1,370 
b— 1,355 

a— 978 
b— 873 

1,280 

a — broke  while 

handling. 

b — 800 

a — 800 
b — 810 

Gravel 

1,120 

Cinder 
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It  should  be  stated  that  the  results  contained  in  Tables  II 
and  III  are  somewhat  deceptive,  because  the  specimens  were  all 
heated  to  a  considerable  extent  upon  three  sides.  It  was  impossible 
to  prevent  heat  from  radiating  from  the  furnace  walls  into  the 
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Fig.  8.  42. — Unheated. 

40. — Heated  one  hour  on  one  side. 
27. — Unheated. 

25. — Heated  one  hour  on  one  side. 
12. — Unheated. 

10. — Heated  one  hour  on  one  side. 
All  heating  at  1,500°  F. 
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sides  of  the  specimen  adjacent  to  the  regularly  heated  face.  For 
the  purpose  of  comparing  the  different  mixtures  after  heating, 
the  results  are  rehable,  but  in  general  they  are  lower  than  they 
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would  be  if  the  specimens  had  been  built  in  a  waW  where  little,  if 
any,  heat  would  have  reached  the  sides. 

The  specimens  were  set  up  for  making  elastic  measurements, 
in  the  same  manner  as  last  year  (see  Vol.  VI,  p.  447,  Fig.  15). 
Figs.  8  and  9  are  elastic  curves  plotted  to  show  the  full  deflec- 
tions, the  sets,  and  the  diuFerences. 

The  laborious  part  of  the  investigation  this  year,  as  in  the 
past,  was  done  by  students  as  a  thesis  problem.  Messrs.  R.  D. 
Bailey,  R.  C.  Jones  and  H.  R.  Smith  devoted  themselves  to  the 
work  with  an  earnestness  of  purpose  that  was  fully  in  accord  with 
those  who  had  preceded  them,  and  they  deserve  much  credit  for  the 
care  with  which  the  work  was  done. 

Summary. 

As  a  summary  of  the  reports  of  the  three  investigations,  we 
may  draw  the  following  general  conclusions: 

(i)  That  all  concrete  mixtures  when  heated  throughout  to  a 
temperature  of  1,000°  to  1,500°  F.  will  lose  a  large  proportion  of 
their  strength  and  elasticity,  and  this  fact  must  be  well  remembered 
in   designing. 

(2)  That  all  concretes  have  a  very  low  thermal  conductivity 
and  therein  lies  their  well  known  heat  resisting  properties. 

(3)  That  as  a  result  of  this  low  thermal  conductivity,  two 
to  two  and  a  half  inches  of  concrete  covering  will  protect  rein- 
forcing metal  from  injurious  heat  for  the  period  of  any  ordinary 
conflagration  (provided,  of  course,  that  the  concrete  stays  in  place 
during  the  fire). 

(4)  That  reinforcing  metal  exposed  to  the  fire  will  not  convey 
by  conductivity  an  injurious  amount  of  heat  to  the  imbedded  por- 
tion. 

(5)  That  the  gravel  concrete  was  not  a  rehable  or  safe  fire 
resisting  aggregate. 


DISCUSSIOK. 


Mr.  R.  L.  Humphrey. — ^The  tests  we  made  at  the  Under-  Mr.  Humphrey 
writers'  Laboratory  in  Chicago  on  concrete  composed  of  various 
aggregates,  including  gravel,  while  made  under  different  conditions, 
perhaps,  from  the  tests  by  Professor  Woolson,  have  given  different 
resuhs.  I  think  there  is  some  truth  in  the  explanation  that  the 
behavior  of  gravel  under  the  action  of  heat  is  due  to  differences  in 
the  coefficient  of  expansion  of  the  quartz  particles.  I  presume, 
however,  that  this  condition  will  vary  with  different  gravels,  and 
while  Professor  Woolson 's  experience  may  be  true  of  the  gravel 
that  he  used  in  his  testing,  it  does  not  necessarily  follow  that  it  will 
be  true  of  all  gravels.  The  gravel  which  we  used  in  the  Chicago 
test  was  obtained  from  the  Meremac  River  near  St.  Louis,  and 
was  60  days  old  at  the  time  of  testing.  It  was  submitted  to  a 
temperature  of  1,750°  F.  for  two  hours,  after  which  it  was  immedi- 
ately quenched  by  a  stream  of  water  under  50  pounds  pressure  at 
a  distance  of  20  feet.  The  concrete  blocks  so  tested  were  a  part 
of  a  series  of  plain-beam  tests  made  in  St.  Louis.  The  concrete 
was  a  rather  wet  1-2-4  niixture.  After  the  testing,  the  surface  had 
flaked  off  somewhat  but  there  was  no  serious  disintegration  of 
the  concrete  such  as  took  place  in  Professor  Woolson's  tests.  The 
extent  of  the  surface  damage  did  not  exceed  \  of  an  inch.  Other 
samples  of  cinder  concrete,  gravel  concrete  and  limestone  concrete 
were  tested  in  a  similar  manner.  It  is  quite  evident  from  the  various 
fire  tests  made  in  Chicago  that  the  character  of  the  mixture  has 
a  great  deal  to  do  with  its  endurance.  A  poor  mixture  made 
with  very  little  water  would  suffer  greater  damage  under  fire  test 
than  a  thoroughly  wet  and  well  compacted  mixture. 

It  was  also  apparent  from  this  test  that  limestone  may  be 
successfully  used  as  an  aggregate  as  far  as  its  fire  resistance  is  con- 
cerned, if  the  limestone  particles  are  kept  back  from  the  face  and 
are  protected  with  a  coating  of  mortar  made  from  silicious  sand. 
The  strength  of  mortars  and  concretes  are  proportional  to  their 
density  and  these  tests  seem  to  indicate  that  the  fire  resisting  quality 
is  also  proportional  to  the  density. 

(419) 
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Mr.  Humphrey.  The  results  of  thcsc  fire  tests  also  indicate  that  of  the  various 

materials  used  for  fire-proofing  purposes,  concrete  passed  this 
severe  test  as  creditably  as  any  of  these  materials.  Professor  Wool- 
son's  investigations  have  been  excellent  and  I  hope  he  will  continue 
them,  carrying  them  out  on  a  more  extensive  plan  with  the  view  of 
definitely  establishing  the  correctness  of  the  points  which  he  has 
brought  forth  in  his  paper. 

Mr.  Brown.  Mr.  John  G.  Brown. — I  should  like  to  ask  Mr.  Humphrey 

as  to  the  kind  of  pyrometer  he  used  and  whether  its  readings  were 
fairly  comparable  with  those  of  the  pyrometer  used  by  Professor 
Woolson. 

In  heating  limestone  I  have  found  some  that  did  not  seem  to 
be  much  affected  even  after  having  been  subjected  to  a  white 
heat,  while  others  decomposed  almost  immediately. 

Mr.  Woolson.  AIr.  Ira  H.  Woolson. — We  used  Le  Chatelier  pyrometers 

with  platinum-iridium  couples;  and  we  carefully  standardized 
those  couples  before  the  tests  with  pure  metals  up  to  the  melting 
point  of  gold.  Within  reasonable  limits  the  results  obtained  from 
those  points  are  therefore  correct. 

I  want  to  say  a  word  with  regard  to  the  tests  mentioned  by 
Mr.  Humphrey.  He  says  those  were  taken  from  the  fire  and 
immediately  subjected  to  water.  That,  probably,  is  one  reason 
why  they  are  in  as  good  condition  to-day  as  they  are.  We  notice 
in  fire  tests  of  floor  construction  that  where  the  concrete  is  thor- 
oughly soaked  with  water  after  a  test  which  has  calcined  the  mor- 
tar, a  reset  will  take  place  and  the  concrete  be  stronger  in  conse- 
quence. 

Mr.  Humphrey.  Mr.  HUMPHREY. — The  temperatures  were  measured,  as  in 

the  case  of  Professor  Woolson's  tests,  with  Le  Chatelier  pyrometers 
and  I  may  add  that  Professor  Woolson  was  good  enough  to  under- 
take the  standardization  of  our  pyrometers  in  his  laboratories. 
In  addition  to  these  Le  Chatelier  pyrometers  which  projected 
through  the  face  of  the  panel  at  different  points,  there  was  hung 
in  the  fire  chamber  a  water  pyrometer,  which  gave  the  average, 
temperature  of  the  furnace,  and  which  indicated  practically  the 
same  average  temperature  as  the  Le  Chatelier  pyrometers. 


NOTES  ON  THE  EFFECT  OF  TIME  ELEMENT  IN 
LOADING  REINFORCED  CONCRETE  BEAMS. 

By  W.  K.  Hatt. 

During  the  last  two  years  the  Laboratory  for  Testing  Materials 
of  Purdue  University,  in  co-operation  with  the  U.  S.  Geological 
Survey,  has  made  some  experiments  to  determine  the  effect  of 
the  time  element  in  loading  reinforced  concrete  beams.  In 
these  experiments  beams  were  loaded  in  the  following  manner: 


^^^BJIS^^^^jlf^i^^^^Bii^ 


Fig.  I. 


T.  The  ordinary  test  in  which  continuously  increasing  loads 
are  applied  until  failure. 

2.  Loads  applied  a  number  of  times  from  zero;  starting  with 
a  repeated  load  causing  about  3,000  pounds  per  square  inch  stress 

(421) 
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Table  I. — Deflection  of  Reinforced  Concrete  Beams  Under 
Repeated  Loadings. 

Deflections  and  set  in  inches. 


Load. 
Lbs. 

Beam  No.  12. 

Beam  No.  15. 

Under 
constant 
load  for 

two 
months. 

No.  18. 
Ordin- 

Approximate 

stress  in 

steel. 

Num- 
ber of 
times 
applied. 

Deflec- 
tion. 

Set. 

Times 
applied. 

Deflec- 
tion. 

Set. 

ary 
testing 

ma- 
chine 

load. 

3,000 

8,000     .... 

16,000 

29,700 

2,400 
5,200 
6,750 
8,100 

I 
710 

I 
500 

I 
700 

I 
470 

.025 

•035 
.070 
.170 
.210 
.260 
•300 
•310 

.005 
.005 
.010 
.060 
.060 
.100 
.100 
.120 

I 

I 
500 

I 
450 

I 
620 

.025 

.070 
.140 
.180 
.240 
.270 
.290 

.010 
.050 
.060 
.080 
.090 

O.IOO 
0.160 

0.290 

■  ■  ■ 
0.360 

.050 

.08 

0.14 

0.21 

Table  II. — Comparison  of  Maximum  Loads. 


Reinforcement. 

Loading. 

Beam 

Span. 
Feet. 

Maximum 

No. 

Load. 

Per  cent. 

Kind  of  bars. 

Times. 

Load. 

1907. 

18 

I 

Round. 

9 

Continuous 

9,800 

15 

9 

500 
450 
620 

5,200 
6,750 
8,100 

9,550 

16 

" 

** 

9 

60 

8,100 

9,675 

17 

** 

** 

9 

60 

8,100 

8,720 

19 

" 

" 

9 

169 

6,230 

9,360 

12 

9 

700 
500 
700 
470 

2,400 
5,200 
6,750 
8,100 

10,650 

15 

9 

500 

450 
620 

5,200 
6,750 
8,100 

9,550 

1906. 

9,  II 

1-5 

" 

8 

Continuous. 

24,600 

12 

1-5 

" 

8 

1,776 

25,000 

2,  7,  10 

1-5 

" 

12 

Continuous. 

15,970 

8 

1-5 

" 

12 

611 

_ 

15,850 

3.  4 

0.75 

Corr.  ■ 

12 

Continuous. 

15,600 

6 

0.75 

12 

1,248 

15,900 
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in  steel,  and  stepping  up  to  8,000,  16,000,  29,000,  and  then  to 
failure. 

3.  Constant  loads. 

4.  Impact  tests. 

(a)  Under  increasing  height  of  drop. 

(b)  Under  constant  height  of  drop. 

This  paper  only  records  the  general  results  of  these  tests 
which  are  to  be  published  in  full  later. 


Table  III. — Reinforced  Beams  Under  Impact. 
Increasing  height  of  drop. 


At  Elastic  Limit. 

At  Failure. 

Beam 
No. 

Height 
of  drop. 
Inches. 

Deflec- 
tion. 
Inches. 

Height 
of  drop. 
Inches. 

Remarks. 

2 
3 

4 
S 

12.25 

9.20 

11.25 

14-25 

•25 
.20 

•25 
•25 

16 
II 

14 
16 

Wt.  of  hammer,  250  pounds. 
Test  under  increasing  height  of  fall. 
Increment  2  inches. 
Span  6  ft.-8  in.  x  8  in.  x  7  ft.-i  per 
cent,  steel. 

Constant  height  of  drop. 

Beam 
No. 

Constant 

faU  of 
10  inches. 

Average 

deflection  per 

blow. 

Inches. 

Number  of 

blows  at 

failure. 

Age 
in  days. 

Remarks. 

6 

7 
8 

9 
10 

.070 
.065 

.070 
•073 

•075 

40 
55 
65 
76 
112 

124 
131 

151 
153 

1 00-pound 

hammer 
with  drop 
of  1 0  inches 

Material  Tested. 

The  beams  were  of  broken  stone  concrete  in  proportion 
1-2-4;  8  inches  wide  and  10  inches  to  the  depth  of  the  steel  under 
I,  2  and  3.  Ordinarily  the  span  was  fixed  at  9  feet  and  the 
loads  were  applied  to  third  points.  The  percentage  of  steel  was 
ordinarily  i  per  cent.,  but  varied  as  shown  in  Table  II.  The 
age  at  test  was  intended  to  be  60  davs.      Since  some  of    the 
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beams  were  loaded  nearly  2,500   times  by  hand,  the  duration  of 
the  test  in  some  cases  was  nearly  a  month. 

Method  of  Test. 

Process  i. — Loads  were  applied  at  third  points,  and  deflections 
were  measured  at  the  center  of  the  beam.     Extensometer  measure- 
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Fig.  2. — ^Repeated  Loading. 


ments  were  made  of  the  deformations  occurring  at  the  top  and 
bottom  faces  of  the  beam,  which  measurements  were  made  in  the 
same  manner  as  practised  at  the  Structural  Materials  Laboratory 
of  the  U.  S.  Geological  Survey,  at  St.  Louis. 

Process  2. — The  details  of  the  test  were  as  described  under 
Process  i,  except  that  a  certain  stage  of  loading  would  be  repeated 
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a  large  number  of  times  until  the  beam  seemed  to  come  down  to  its 
bearing  under  that  loading.  The  deflection  was  read  every  loth 
loading,  and  extensometer  readings  were  made  at  intervals,  usually 
every  looth  loading. 

Process  3. — Pairs  of  beams  were  piled  one  upon  the  other 
as  shown  in  Fis:.  i  and  submitted  to  a  constant  load  for  a 
period  of  some  two  months.     The  span  between  the  bearing  points 


10000 


2000 


0         0.05       0.10       0.15       0.20      0.25       0.30       0.35       0.40       0.45      0.50        0.55 
Fig.  3. — Repeated  Loading 


was  so  varied  as  to  cause  an  increase  in  stress  in  the  steel  from 
3,000  to  8,000  to  16,000  to  29,000  pounds  per  square  inch  from  the 
top  pair  of  beams  to  the  bottom  pair  of  beams.  Rollers  were  dis- 
posed between  all  bearing  points  so  that  the  beams  might  act 
independently. 

Unfortunately,  after  the  expiration  of  about  two  months,  some 
trespassers  on  the  laboratory'  grounds  caused  a  swaying  back 
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and  forth  of  the  steel  rails  supporting  the  constant  load,  and 
threw  the  entire  load  on  one  of  the  pair  of  beams  intended  to  be 
stressed  to  16,000  pounds  in  the  steel.     The  yield  point  of  the  steel 
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Fig.  4. — Repeated  Loading. 


was  thereby  exceeded,  and  a  large  crack  occurred  in  the  concrete. 
The  test  was  then  interrupted,  but  will  be  renewed. 

Process  4. — These  beams  were  8x8  inches  in  cross-section,  7 
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feet  long  and  tested  on  a  6-foot  span.  The  reinforcement  was  one 
per  cent,  of  soft  steel  round  bars  of  ordinary  surface.  In  the 
series  (a),  the  250-pound  weight  was  dropped  on  the  center 
of  the  beam  beginning  with  the  3-inch  drop  and  increasing  by 
2-inch  increments  until  failure.  In  series  (b),  a  100-pound  hammer 
was  dropped  a  large  number  of  times  from  a  constant  height 
of  10  inches. 


Deformation 


Top  of  Bear 


Curves.   Beam  No.  17 


Depths  of  Neutral  Axis  stepping  up  to  ist.Load 


2  3  4 

Load  in  Thousands  of  Pounds 


.0002      .0004     .0006     .0008      .00,10 
Top  of  Beam         | 


Depths  of  Neutral  A 


Kis  stepp 


Load 


ir   Thousands  of  Poun 


Fig.  5. — Repeated  Loading. 


In  both  cases,  the  deflection  and  set  were  recorded  for  each 
blow.     The  machine  is  described  in  Vol.  VI,  p.  462. 

Results. 

Process  i  and  2. — The  deflection  and  the  set  caused  by  the 
process  of  repeated  loadings  as  compared  with  the  usual  process 
under  a  continuously  applied  load  are  shown  in  Table  I,  and  illus- 
trated in  Figs.  2  and  3,  and  it  will  be  seen  that  a  stress  of  16,000 
pounds  caused  a  deflection  of  0.14  inches,  and  that  a  repetition 
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of  loading  as  shown  on  Beam  12,  increased  this  deflection  to  .26 
of  an  inch,  and  in  Beam  15  to  .24  of  an  inch. 

There  is  evidently  a  continuously  increasing  deflection  and  set 


Beam  No. 2. 


250  Lb.  Hammer.      Inireasing  Drop, 
71 


Height  of  Dro3  in  Inches 


Crack 
Failur 


No. I  occurs  24 
e  at  18  i  1.  Drop 


e  "A"  support  at  14  in 


Drop. 


Beam  N 


0.3. 


250  Lb,  Hammer.      Increasi 

A 


g  Drop 


Q    0 


P        n 


Height 


of  D 


3  in  Inches. 


Crac 
Fail 


(  No. I  0 

No. 2 
re  at  C 


ack  No 


top  8  inside  " 

"     8"     "       ", 

I  at  II  in.  Drop 


"  supp9rt  6  in, 
7  " 


Drop. 


Fig.  6. — Impact  Test.     Copy  of  Drum  Record. 


in  beams  under  this  process  of  repetitive  loading.  The  question 
as  to  the  source  of  this  set  and  deflection  must  be  answered  by  an 
analysis,  which  is  not  at  present  at  hand.     The  set  is,  no  doubt, 
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in  both  the  concrete  in  compression  and  the  adhesion  between 
the  steel  and  concrete.  It  is  probably  more  largely  in  the  concrete 
in  compression  than  in  adhesion. 
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Fig.  7. — Impact  Test.     Copy  of  Drum  Record. 

By  reference  to  Figs.  4  and  5,  it  will  be  seen  that  the 
process  tends  to  render  the  ordinary  deflection  and  deformation 
diagrams  more  straight  than  they  are  under  the  ordinary-  loading 
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process.  The  interesting  exhibit  in  Table  II  shows  that  this 
process  of  repetitive  loading  did  not  diminish  the  maximum  load 
which  the  beams  carried. 

Process  3. — ^T able  I  also  shows  the  deflection  reached  by  the 
beams  which  were  loaded  with  a  constant  load  for  about  two 
months.     The  deflection,  as  compared  with  those  under  Process 
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Fig,  8. — Impact  Test.     Plot  from  Drum  Record. 


I,  have  increased  very  largely.  At  16,000  pounds,  the  increase 
was  about  100  per  cent. 

These  results  taken  together,  show  a  sort  of  plasticity  in 
concrete,  by  which  it  yields  under  the  action  of  a  load  applied  for 
a  long  time,  or  applied  a  number  of  times.  The  rate  of  increase 
of  deflection  under  constant  load  is  shown  in  Table  IV. 

Process  4. — These  impact  tests  are  to  be  criticised  because  the 
weight  of  the  hammer  is  too  small  in  proportion  to  the  weight  of  the 
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concrete  beam,  and  thereby  the  action  was  one  of  vibration  as 
well  as  of  detlcction.  Local  damage  of  the  concrete  at  the  striking 
point  was  prevented  by  a  steel  plate.     The  results  in  Table  III 
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Fig.  9. — Impact  Test.     Copy  of  Drum  Record. 


are  recorded  as  a  matter  of  interest,  rather  than  of  much  signifi- 
cance at  the  present  time. 

A  curious  phenomenon  was  in  the  failure  which  arose  in  the 
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majority  of  the  beams  under  the  action  of  the  striking  weight. 
The  failure  was  not,  as  might  have  been  expected,  the  cracking 
of  the  concrete  at  the  center  of  the  beam  on  the  lower  side  in 
tension.  On  the  contrary,  the  first  indication  of  failure  was  a 
crack  which  started  at  the  top  of  the  beam  in  the  compression 
face  some  6  to  24  inches  distant  from  the  support.  Either  this 
represented  a  point  in  the  length  of  the  beam  where  the  waves 
of  vibration  coincided  to  produce  this  crack,  or  else  it  may  be 
explained  by  the  inertia  of  the  ends  of  the  beam,  which  thereby 
acted  to  hold  the  ends  while  the  center  was  deflecting.  In  other 
words,  the  beams  acted  to  some  degree  as  beams  with  fixed  ends. 
The  diagrams  obtained  from  impact  tests  are  shown  in  Figs. 
6,  7,  8  and  9. 


NOTES  ON  COLD  TWISTED  STEEL  RODS  FOR 
CONCRETE  RELXFORCEMENT. 

By  Jesse  J.  Shuman. 

After  several  years'  experience  with  the  manufacture  of  cold- 
twisted  steel  bars  for  concrete  reinforcement  the  writer  feels  that 
there  is  not  enough  definite  information  on  the  subject.  These 
notes  are  pubhshed  in  the  hope  that  they  may  help  engineers  to 
write  "safe  and  sane"  specifications  to  govern  the  quality  of  an 
important  material  of  construction.  They  may  also  be  of  value 
to  those  who  are  called  upon  to  decide  on  the  relative  merits  of  the 
numerous  styles  of  concrete  bars. 

Effect  of  Size. 

When  a  bar  is  twisted  by  a  machine  of  the  usual  type  it  does 
not  change  in  length;  in  fact  one  end  is  inserted  loosely  into  the 
revolving  die  and  there  is  no  tendency  to  pull  out.  Hence  the 
central  fiber  alone  is  unchanged  in  length  and  strength,  and  the 
great  increase  in  the  strength  of  the  bar  is  an  average  of  values  that 
are  widely  different.  Moreover,  the  size  of  the  square  has  a  direct 
bearing  on  this  average;  a  point  that  is  commonly  neglected  in 
specifications. 

If  square  bars  of  any  size  be  twisted  until  they  have  made  one 
complete  turn  in  9  times  the  dimension  of  a  side  (pitch  =  9),  the 
metal  on  the  corners  is  stretched  about  11.5  per  cent,  as  deter- 
mined by  formulas  for  hehces.  The  areas  of  squares,  however, 
vary  with  the  squares  of  their  sides,  so  that  in  a  small  bar  the 
average  stretch  is  greater  than  in  a  large  bar,  and  the  increase 
in  strength  is  correspondingly  greater.  This  is  amply  illustrated 
by  laborator}'  results  in  any  series  of  tests  in  which  the  size  varies, 
and  it  should  be  recognized  as  a  normal  manifestation. 

Number  of  Turns. 

The  moment  the  twisting  machine  has  created  a  permanent 
set  in  the  fiber,  the  steel  has  begim  to  increase  in  strength,  in  the 
same  manner  as  higher  yield-point  and  ultimate  strength  are  set 
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up  in  a  bar  when  ii  is  slightly  stretched  in  a  testing  machine.  As 
the  twisting  proceeds  the  yield-point  ascends  more  rapidly  than 
the  ultimate  strength.  There  is  a  point,  however,  at  which  the 
maximum  strength  of  the  bar  is  reached,  and  beyond  which  it  is 
reduced  somewhat  before  the  bar  twists  apart. 

The  interesting  behavior  of  half-inch  squares  of  three  widely 
different  grades  is  sho■^^Tl  in  Table  I.  It  would  clearly  be  a  mis- 
take to  specify  a  number  of  turns  approaching  the  maximum 
strength  of  the  steel,  for  the  internal  strains  in  such  a  bar  are 
already  nearly  enough  to  destroy  it;  yet  it  is  not  uncommon  for 
engineers  to  do  this  very  thing.  In  the  writer's  opinion  the  num- 
ber of  turns  should  be  about  half  the  number  at  which  the  steel  is 
at  its  maximum  strength,  and  in  the  ordinar}'  soft  Bessemer  pro- 
duct this  means  one  complete  twist  in  8  to  10  times  the  size  of  the 
bar;  in  other  words  the  pitch  of  the  twist  should  be  8  to  10  for 
Bessemer  steel  of  about  60,000  lbs.  tensile  strength.  Basic  open- 
hearth  squares  of  similar  grade  should  have  a  pitch  of  5  to  7  in 
order  to  have  their  best  properties  developed.  If  carbons  higher 
than  ordinary^  structural  grades  are  insisted  upon,  a  proportionate 
concession  must  be  made  in  the  number  of  twists. 

Quality. 

Excellent  results  have  been  obtained  with  both  Bessemer  and 
open-hearth  steels  of  a  wide  range  of  carbons.  It  seems  reason- 
able, however,  that  the  grades  that  have  been  found  to  be  best 
adapted  to  structural  work  would  also  be  most  reliable  for 
reinforced  concrete.  Bessemer  steel  containing  carbons  up  to 
0.30  or  0.40  per  cent,  can  be  twisted  successfully,  and  are  ver\' 
high  in  tensile  properties,  but  they  have  the  same  brittleness  that 
constitutes  the  strongest  argimient  against  the  various  hot-rolled 
and  hot-twisted  concrete  bars.  The  latter  must  be  high  in  carbon 
in  order  to  yield  an  elastic  Kmit  that  even  approaches  that  of  the 
soft  steel  cold-twisted  square  rods.  Surely  the  lowest  yield-point 
in  Table  II,  in  which  are  showTi  results  on  soft  Bessemer  bars,  is 
high  enough  to  suit  the  most  exacting  requirements. 

On  low-phosphorus  steel  the  effect  of  twisting  is  not  as 
marked  as  on  Bessemer  steel,  the  behavior  in  this  respect  being 
quite  similar  to  that  of  the  same  steel  when  cold-rolled  or  cold- 
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dra\\Ti.  The  lower  results  are  readily  raised,  however,  by  carrying 
the  twisting  process  further.  Table  III  shows  what  can  be 
expected  of  basic  open-hearth  bars  of  55,000  to  65,000  lbs.  tensile 
strength  twisted  an  appropriate  number  of  turns. 

Manifestly  it  would  be  a  poor  plan  to  use  open-hearth  steel 
softer  than  the  tests  shown  in  this  table,  but  it  would  be  both  safe 
and  advantageous  to  use  steel  up  to  about  0.35  per  cent,  carbon, 
with  phosphorus  under  0.04  per  cent. 

Elastic  Limit. 

Inasmuch  as  the  function  of  a  reinforcing  bar  is  performed 
inside  the  elastic  hmit,  the  elastic  hmit  is  the  feature  of  highest 
importance  from  the  engineer's  standpoint.  It  is  here  that  the 
cold-twisted  square  excels  all  hot-finished  sections  and  must 
always  continue  to  do  so,  for  its  elastic  limit  of  60,  70,  and  even  80 
thousand  pounds  permits  the  use  of  less  steel  for  the  same  service 
than  can  be  guaranteed  by  its  competitors. 

In  the  testing  laborator}'  it  is  neccssar)^  to  take  unusual  pains 
to  observe  the  yield-point,  commonly  called  elastic  limit,  for  the 
reason  that  the  beam  of  the  machine  docs  not  always  drop  when 
the  point  is  reached  at  which  permanent  deformation  begins.  The 
machine  should  be  run  not  faster  than  f  inch  per  minute,  and  in  the 
absence  of  an  autographic  device  a  pair  of  dividers  should  be 
held  on  the  specimen  until  the  yield-point  is  observed. 

Specifications. 

Specifications  for  cold-twisted  bars  should  be  consistent  with 
the  behavior  of  steel  of  known  quality,  and  should  recognize  the 
empirical  laws  peculiar  to  the  material.  Thus,  to  summarize 
and  add  to  points  made  in  this  paper,  the  following  suggestions  are 
offered  as  a  broad  foundation  for  specifications. 

1.  Process.  Specify  whether  open-hearth  or  Bessemer  steel 
is  to  be  used,  or  either.  Open-hearth  steel  should  contain  less 
than  0.04  per  cent,  phosphorus  for  basic  and  0.06  per  cent,  for 
acid  steel. 

2.  Carbon.  This  should  usually  be  left  to  the  discretion  of 
the  manufacturer,  who  insists  that  when  carbon  hmits  are  named 
the  tensile  requirements  should  be  left  open. 
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3.  Elastic  Limit.  For  squares  h  in.  and  smaller,  this  should 
be  at  least  65,000  lbs.;  for  squares  j  in.  to  i  in.  at  least  60,000  lbs., 
and  for  squares  i^  in.  and  larger  at  least  55,000  lbs.  Manufac- 
turers can  generally  guarantee  minima  values  somewhat  higher 
than  these,  but  the  above  would  be  a  reasonable  specification. 

4.  Ultimate  Strength.     To  be  recorded. 

5.  Elongation.  At  least  5  per  cent,  in  8  inches,  or  12  per 
cent,  in  2  inches. 

6.  Reduction  of  Area.     To  be  recorded. 

7.  Bend.  Bar  to  bend  cold  around  a  pin  twice  its  size 
without  distress. 

8.  Number  of  Turns.  For  Bessemer  steel,  one  complete 
turn  in  8  to  10  times  the  size  of  the  square;  for  open-hearth  steel, 
in  5  to  7  times  the  size. 

9.  Number  of  Test  Pieces.  One  tension-test  specimen  and 
one  for  bending  test  for  each  melt  used  in  each  size. 

10.  Inspection.  All  tests  governing  the  acceptance  of  mate- 
rial to  be  made  at  manufacturer's  works.  Inspector  to  have  access 
to  the  bars  prior  to  shipment,  but  the  manufacturer  is  not  reheved 
thereby  from  responsibility  for  unsatisfactor}'  material.  In  this 
connection  it  may  be  stated  that  each  bar  is  thoroughly  cleaned 
by  the  twisting  process,  and  that  each  piece  is  in  a  large  measure 
tested  at  the  same  time,  as  no  imperfect  bar  will  stand  the  cold- 
twisting  process. 


DISCUSSION. 


Mr.  J.  J.  Shuman. — In  the  capacity  of  inspecting  engineer  Mr.  shuman. 
at  the  works  of  the  Jones  and  LaughHn  Steel  Company,  I  found 
myself  some  years  ago  in  a  position  which  required  me  to  learn 
something  about  a  material  concerning  which  I  could  find  nothing 
written,  and  the  paper  that  I  have  presented  gives  a  few  points  that 
have  come  to  me  through  many  experiments.  It  must  be  taken 
in  the  light  of  a  personal  report,  as  I  have  of  necessity  had  no  help 
from  other  sources,  there  being  so  little  available  on  the  subject. 
It  has  become  apparent  to  me  that  the  engineers  who  are  using 
twisted  bars  for  concrete  reinforcement  are  doing  so  without  a  \-ery 
intimate  knowledge  of  the  behavior  of  the  material  that  they  are 
using.  I  hope  the  paper  may  be  of  some  benefit  to  those  who  have 
come  to  use  the  material,  or  are  about  to  use  it.  It  would  be  easier 
to  get  up  a  paper  of  this  kind  in  the  shape  of  an  advertisement,  but 
I  believe  I  have  made  it  as  purely  scientific  and  as  little  of  an 
advertisement  as  possible. 

Mr.  J.  B.  French. — The  reading  of  this  paper  prompts  me  Mr.  French, 
to  say  that  as  far  as  my  knowledge  goes  the  steel  that  goes  into 
reinforced  concrete  is  not  being  tested,  and  that  the  purchasers  that 
use  it  know  very  little  about  its  properties  or  quality,  and  Mr. 
Shuman  being  here,  he  can  probably  tell  us  what  information  he 
is  able  to  give  to  purchasers  in  regard  to  the  physical  and  chemical 
properties  of  the  material  that  is  furnished  by  the  Company  with 
which  he  is  connected. 

It  is  known  that  old  Bessemer  rails  are  being  bought  up, 
twisted  hot  and  furnished  to  reinforced  concrete  users,  and  the 
people  that  twist  the  material  cold  claim  that  the  hot  twisted 
material  is  very  unreliable,  because  the  phosphorus  is  excessive, 
and  that  it  is  hable  to  break  and  crack  in  using. 

Having  myself  insisted  on  cold-twisted  material,  made  tests 
of  it  and  failed  to  make  it  bend  more  than  45°  without  breaking  off 
short,  I  have  been  forced  to  think  that  the  claims  in  favor  of  the 
cold-twisted  material  (made  from  Bessemer  stock)  may  sometimes 
be  very  misleading. 
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Mr.  French.  If  wc  go  back  to  the  manufacturer  and  ask  him  for  the  best 

information  he  can  furnish  us  in  regard  to  Bessemer  steel  that  is 
put  into  rods  for  cold-twisting,  he  gives  us  what  he  calls  an 
'^ average^'  analysis.  We  are  not  able  to  find  out  the  extremes 
between  which  the  results  vary,  but  must  be  satisfied  with  the 
"average."  If  we  try  to  go  a  little  further  and  find  out  how  often 
analyses  are  made,  we  are  told  that  an  analysis  every  three  or  four 
blows  is  all  that  can  be  furnished. 

I  think  that  in  view  of  the  many  important  uses  to  which 
reinforced  concrete  is  now  being  put,  and  the  failures,  many  of 
them  involving  the  loss  of  human  life,  which  often  result  from  the 
use  of  bad  material,  that  steel  for  the  reinforcement  of  concrete 
should  be  as  carefully  specified,  inspected  and  tested  as  is  con- 
sidered necessary^  for  structural  steel  used  in  bridges  and  buildings, 
and  if  this  view  is  correct,  Bessemer  steel  will  be  excluded  from  use 
in  reinforced  concrete  structures  exactly  as  is  already  done  in  the 
case  of  important  structures  built  entirely  of  steel. 
Mr.  Shuman.  Mr.  Shuman. — I  will  make  my  reply  just  as  brief  as  I  can 

and  at  the  same  time  cover  the  points  that  have  been  mentioned. 

It  was  not  my  intention  to  bring  about  a  comparison  between 
cold-twisted  squares  and  hot-twisted  squares;  because  if  any  one 
is  sufficiently  interested  in  the  subject  to  make  comparative  tests  he 
will  note  the  difference  at  once.  The  simple  test  that  I  have  sug- 
gested here,  requiring  a  bar  to  stand  cold-bending  around  a  pin 
twice  its  own  size,  would  be  enough  to  reject  almost  any  hot-twisted 
bar  if  made  out  of  high-carbon  Bessemer  steel.  Moreover,  the 
elastic  limit  of  cold-twisted  rods  is  so  high  that  it  cannot  be  reached 
by  any  of  the  hot-finished  sections;  and  if  the  latter  are  made  in 
carbons  high  enough  to  approach  this  elastic  limit  the  steel  is  of 
necessity  brittle  and  treacherous. 

As  to  phosphorus,  it  is  true  that  no  Bessemer  steel  works 
determines  the  phosphorus  on  every  heat;  that  would  be  not  only 
out  of  the  question,  but  it  would  be  useless,  for  phosphorus  is  very 
nearly  a  constant  in  Bessemer  practice.  The  feature  that  concerns 
the  user  of  a  cold-twisted  bar  or  any  other  bar  is  not  how  much 
phosphorus  there  is  in  the  steel,  but  what  it  will  stand  under  given 
physical  tests.  I  believe  if  these  specifications  (which  are  very 
broad)  are  followed,  the  product  will  be  sure  to  give  satisfaction. 
It  is  not  out  of  the  question,  however,  for  a  steel  works  to  supply  the 
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analysis  of  every  Bessemer  blow  that  goes  into  its  products,  with  Mr.  Shuman. 
the  exception  of  phosphorus.     The  carbon  manganese  and  sulphur 
can  always  be  given  in  any  well  regulated  plant.     All  four  elements 
are  determined  in  standard  open-hearth  practice. 

Mr.  French. — That  simply  confirms  my  statement,  that  as  Mr.  French, 
far  as  Bessemer  material  is  concerned  (just  as  brought  out  in 
regard  to  steel  rails  the  other  day),  the  testing  is  a  purely  hap- 
hazard matter;  that  is,  we  do  not  definitely  know  what  each  test 
represents.  The  particular  blow  represented  is  all  right;  but  the 
material  that  was  rolled  from  that  blow  is  not  identified. 

As  far  as  the  statement  goes  that  these  average  analyses,  or 
these  analyses  of  occasional  heats  or  blows,  represent  uniform  con- 
ditions, I  know,  as  a  matter  of  fact,  from  check  analyses  that  have 
been  made  within  the  last  two  or  three  months,  that  we  found  as 
high  as  13  and  14  points  of  phosphorus  in  samples  taken  from 
material  represented  to  show  less  than  10  points,  and  we  have 
found  bars  that  break  before  being  bent  to  90°. 

Mr.  Ir.a.  H.  Woolson. — Apropos  of  this,  I  might  state  that  Mr.  Wooison. 
this  past  week  we  made  in  my  laborator}'  some  tests  upon  some 
twisted  bars  furnished  by  one  of  the  city  departments;  these  bars 
were  said  to  be  cold-twisted  and  annealed.  Thev  gave  100,000 
pounds  per  square  inch  ultimate;  about  63,000  for  vield  point; 
about  18  to  20  per  cent,  elongation;  and  reduction  var^•ing  from 
29  to  49  per  cent.  The  elongation  being  high  for  that  grade  of 
steel,  there  was  some  question  raised  in  regard  to  it,  and  anahses 
were  made.  Upon  three  of  the  six  samples  tested  we  found  thev 
ran  about  0.50  carbon,  and  about  o.io  to  0.13  phosphorus.  It 
seemed  to  me  those  were  rather  remarkable  results  for  that  kind  of 
material.  They  were  said  to  be  cold-rolled,  but  I  have  no  reliable 
information  regarding  the  process  of  manufacture. 

Mr.  H.  H.  Quimby. — The  Philadelphia  Bureau  of  Survevs  Mr.  Quimby. 
prescribes  a  standard  grade  of  material  for  all  structural  work, 
the  same  for  reinforced  bars  as  for  bridge  material  and  open- 
hearth  always.  The  grade  is  that  fixed  by  the  specifications 
adopted  by  this  Society,  60,000  pounds  mean  ultimate.  It  seems 
hardly  fair  when  we  prescribe  the  grade  of  the  plain  material  as 
these  specifications  propose,  to  then  prescribe  definite  subsequent 
treatment  such  as  cold-twisting,  and  require  the  manufacturer  to 
guarantee  a  certain  effect  of  that  treatment.     We  prescribe  that 
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Mr.  Quimby.  if  the  bar  is  twisted,  it  shall  be  twisted  cold.  Our  grade  of  steel 
stands  twisting  cold,  stretcliing  in  tensile  test,  and  bending  double 
close,  three  operations  on  the  same  piece,  although  each  operation 
stretches  the  extreme  fibers  beyond  the  clastic  limit.  W  e  have 
been  prescribing  one  complete  turn  in  eight  diameters,  hut  Mill 
hereafter  require  one  turn  in  six  diameters.  We  have  found  the 
efifect  of  twisting  to  be  an  increase  of  ultimate  strength  of  about 
50  per  cent.  The  specifications  proposed  in  this  paper  seem  to 
me  to  form  merely  a  part  of  a  general  scheme,  and  I  would 
criticize  them  only  to  the  extent  that  the  effect  of  the  twisting 
should  not  be  prescribed,  and  that  the  elastic  limit  should  not  be 
limited.  It  seems  to  me  that  the  difficulty  of  determining  the 
yield  point  of  the  twisted  specimen  is  so  great  that  it  constitutes 
another  reason  for  not  prescribing  the  elastic  limit  in  twisted  bars. 


TESTS  OF  BOND  BETWEEN  STEEL  AND  CONCRETE. 
By  T.  L.  CoNDRON. 

About  a  year  ago  the  writer  began  investigating  the  relative 
strength  of  bond  between  concrete  and  different  forms  of  steel  bars. 
In  his  study  of  published  tests  he  found  no  reports  that  took  account 
of  a  progressive  slipping  of  bars  in  concrete  with  increase  of  load. 
The  reports  of  bond  tests  gave  only  the  maximum  loads  required 
to  pull  out  of  the  concrete  bars  embedded  in  different  lengths.  In 
order  to  investigate  the  subject  further,  the  writer  had  about  30 
specimens  of  bars  embedded  in  concrete  cylinders  12  inches  long. 
The  specimens  included  plain  round  and  plain  square,  cold  twisted, 
hot  twisted  and  Johnson  corrugated  bars.  The  concrete  was  the 
regular  mixture  that  was  being  used  in  the  floors  of  the  Pioneer 
Paper  Stock  Company's  building  in  Chicago,  and  the  specimens 
were  made  by  the  contractor  on  this  building.  Each  concrete 
cylinder  was  cast  upon  a  cast  iron  base  plate  as  shown  in  Fig.  i. 
In  order  to  test  these  specimens  it  was  necessary  to  send  them  to  a 
laboratory,  and  the  nearest  laboratory  was  that  of  the  Lewis 
Institute,  Chicago,  which  is  located  about  one  and  a  half  miles 
from  the  Pioneer  Building.  The  specimens  when  about  two  weeks 
old  were  carefully  packed  in  hay  and  hauled  in  an  ordinar}^  express 
wagon  to  the  laboratorv^  Prof.  C.  E.  DePuy  made  the  tests  when 
the  specimens  were  six  weeks  old.  The  apparatus  used  for  measur- 
ing the  movement,  or  slip,  of  the  bars  is  clearly  shown  in  Fig.  i. 
The  results  of  these  tests  were  rather  erratic,  due  in  part,  probably 
to  the  jarring  that  the  specimens  received  in  hauling  to  the  labora- 
tory. However,  it  is  interesting  to  see  what  the  results  of  these 
first  tests  w^ere.     The  results  are  shown  graphically  in  Fig.  2. 

After  getting  the  results  of  these  first  tests  from  Prof.  DePuy, 
the  writer  decided  to  continue  the  investigation  and  to  eliminate 
the  disturbance  and  possible  injur>^  of  specimens  due  to  cartage, 
by  having  the  specimens  made  up  in  the  laboratory  where  they 
could  remain  until  tested.  He,  therefore,  arranged  with  Prof. 
DePuy  to  make  a  second  set  of  tests  under  more  exact  and  scientific 
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conditions.     The  results  of  this  second  set  of  tests  is  given  in  a 
report  bv  Prof.  DePuy,  from  which  the  following  is  taken  :* 


[d         icraw  making  t/*efr/e*/ 
cwrrasr  tr/fA  rttt  Mr 


- — Contr^rt  t/»eit 


•S/>f>€r/ca/  Bear/ng  OieM 


Tttrutg  /fatA//>f 


Fig.  I . — Apparatus  for  Testing  Bond  Between  Concrete  and  Steel. 
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The  object  in  making  these  tests  was  to  determine  the  relative 
strength  of  bond  between  concrete  and  steel  for  different  shaped  bars, 
when  the  quality  of  concrete  was  uniform  and  the  lengths  of  embedment 
the  same  for  each  of  the  several  different  kinds  of  bars.  Also  to  meas- 
ure the  amount  of  slip,  as  well  as  the  loads  or  stresses  causing  the  slips. 


60000\ 


-18000 


-4400C 


^OOOC- 


3600C 


320O0 


\280O0 


2400C 


2000, 
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/200C 
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40(t 


Tesrj  o^Sono 
j9£Th'££/iCo/yc/t£r£  ^/roSr££L 

/fAa£,frl£W/S//fjr.  C/f<4tO./U. ' 

tr^1tMC£D£/^X 


^   #f' 


Fig.  2. — Showing  the  Slipping  of  Bars  as  Loads  were  Applied. 


In  order  to  make  the  results  comparable  bars  were  secured  for  the 
tests  having  as  nearly  as  possible  the  same  average  area  of  cross  section 
and  weight  per  foot  as  shown  in  Table  I.  There  were  seven  kinds  of 
bars  tested  and  live  lengths  of  embedment  of  each  kind.  The  lengths 
of  embedment  were  8,  12,  16,  20  and  24  inches  for  each  kind  of  bar. 


448  CoNDRON  ON  Tests  of  Bond. 

Table  I. — Description  of  Bars  Used  in  Tests. 


Bars. 


Round  

Square 

Twisted  (B)*.  .  . 
Twisted  (R)t.-  ■ 

Thacher 

Corrugated  (N)  J 
Corrugated  (O)  § 


Size. 
Inches. 


Weight 
per  foot. 
Pounds. 


284 
322 
343 
345 
310 
250 
443 


Average 

Area. 

Sq.  in. 


.378 
•390 

•395 
•395 
•385 
.368 
.424 


Average 

Perimeter. 

Inches. 


•17 
•50 
■51 
•51 

■43 
,60 


The  apparatus  used  is  clearly  indicated  in  Fig.  i.  The  concrete 
blocks  were  cylindrical  with  a  diameter  of  6  inches  and  8,  12,  16,  20  and 
24  inches  long.  Each  concrete  block  had  a  cast  iron  base  plate,  turned 
to  a  true  face.  These  blocks  were  supported  upon  a  spherical  bearing 
block  on  the  top  of  an  Olsen  testing  machine  so  that  the  specimen  could 
be  properly  adjusted  for  a  direct  pull  on  the  bars.  The  lower  projecting 
end  of  the  bar  was  gripped  into  the  movable  head  of  the  testing 
machine.  The  upper  end  of  the  bar  projected  J  of  an  inch  above  the  top 
of  the  block,  while  upon  the  concrete  block  rested  a  spherometer  w-ith 
the  graduated  screw  brought  into  contact  with  the  upper  end  of  the 
bar  being  tested,  thus  closing  an  electric  circuit.  As  the  load  came  on, 
the  slightest  slipping  of  the  bar  in  the  concrete  would  break  the  electric 
circuit,  causing  a  bell  to  ring  until  the  graduated  screw  was  turned  down 
and  the  circuit  closed.  By  this  means  it  was  possible  to  measure  very 
accurately  the  movement  of  the  bars  and  the  load  causing  the  same. 

The  concrete  was  hand  mixed  with  great  care  after  the  proportions 
had  been  accurately  measured.  The  mixture  was  one  Atlas  Portland 
cement,  two  coarse  sand  and  four  broken  limestone,  of  ^  inch  and  under, 
without  dust.  This  w^as  mixed  to  a  fairly  wet  concrete,  one  that  would 
easily  enter  the  molds  and  could  be  churned  readily  with  a  small  iron 
rod.  All  the  concrete  used  was  mixed  in  one  batch.  The  sheet  iron 
forms  in  which  the  blocks  were  molded  were  removed  about  one  vreek 
before  testing.  The  tests  were  made  when  the  concrete  was  25  days  old 
for  the  8  and  16  inch  embedments,  and  when  the  concrete  was  31  days 
old  for  the  12,  20  and  24  inch  embedments 


Results  of  Tests. 

The  results  obtained  are  graphically  shown  in  Figs.  3  and  4  and 
tabulated  in  Tables  II   and  III.     These  diagrams  show  the  results  of 


*  Buffalo  Steel  Company,  2.3  twists  per  foot, 
t  Ransome,  2.8  twists  per  foot. 
X  New  S.tyle. 
§  Old  Style. 
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all  the  tests,  with  a  maximum  slip  of  -j^  of  an  ich.     Where  the  maximum 
load  or  stress  on  the  bar  was  not  reached  within  a  slip  of  yr  of  an  inch,  the 


IPliWW' 


Fig.  3. — Results  of  Tests  of  Bond  of  Seven  Kinds  of  Bars  and  Five 
Lengths  of  Embedment,  Ranging  from  12  to  38  Diameters.  Loads 
in  Lbs.  per  Sq.  In.  of  Section  Areas  of  Bars,  and  Slips  in  Fractions 
of  an  Inch. 


curves  would  extend  bej'^ond  the  limits  of  these  diagrams.  In  Fig.  3  the 
stresses  or  pulls  on  the  bars  are  reduced  to  pounds  per  square  inch  of  the 
cross  sections  of  the  bars,  while  in  Fig.  4  these  stresses  or  pulls  on  the  bars 


29 
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are  reduced  to  pounds  per  square  inch  of  the  embedded  surface  of  the  bars. 
In  Table  II  and  III  the  actual  stresses  on  the  bars  with  the  corresponding 
slips  are  given,  first  in  pounds  per  scpiare  inch  of  section  of  the  bars,  and 


it* 


*Concrtte  S^/'f 

Fig.  4. — Results  of  Tests  of  Bond  of  Seven  Kinds  of  Bars  and  Five 
Lengths  of  Embedment  Ranging  from  12  to  38  Diameters.  Loads 
in  Lbs.  Per  Sq.  In.  of  Embedded  Surface  of  Bars  and  Slips  in  Frac- 
tions of  an  Inch. 


second  in  pounds  per  square  inch  of  the  embedded  surface  of  the  bars. 
As  there  was  no  way  of  readily  determining  the  surface  areas  of  the 
Thacher  bars,  these  are  not  included  in  Fig.  4  and  Table  III. 
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Table  II. — Results  of  Bond  Tests. 
Stresses  on  bars  in  pounds  per  square  inch  of  cross  section. 


Embedment. 


8  in. 


i6  in. 


Slip  not  more  than  y^^  inch. 


Round 

Square 

Twisted  (B)  .  .  . 
Twisted  (R)  .  .  . 

Thacher 

Corrugated  (N). 
Corrugated  (O). 


9,200 

18,700 

18,900 

23,000 

11,900 

24.300 

16,800 

28,000 

12,700 

25.400 

28,800 

36,500 

19,400 

24,600 

26,000 

38,300 

25.300 

40,800 

38,900 

41,200 

23,800 

37,500 

60,000 

61,500 

29,200 

48,000 

53.500 

69,400 

24,800 
35,200 

44,300 

50,600 
57, ^oo 
74,500 
79,000 


Slip  not  more  than  3^^  inch. 


Round  

Square 

Twisted  (B) 

Twisted  (R)  .  .  . 
Thacher.  ....... 

Corrugated  (N). 
Corrugated  (O). 


*9,200 

13,900 

14,400 

25,400 
33,800 
33,000 
38,500 


*26,200 

27,100 
27,800 
46,600 
48,400 
58,000 


*i9,8oo 
*i9,3oo 
29,100 
30,000 
46,400 
69,600 
64,100 


*26,000 

*30,8oo 
37,900 
41,700 
50,600 
68,400 

*73,7oo 


*26,5oo 
*37-3oo 
46,700 
53,400 
*57,ioo 
*8o,ooo 
*79,ooo 


The  relative  efficiencies  of  bond  of  the  different  bars  tested 
may  be  seen  at  a  glance  by  reference  to  Fig.  5.  The  maximum 
stresses  which  the  bars  withstood  without  slipping  at  all,  or  with  a 
slip  not  exceeding  -jio  of  an  inch,  are  indicated  by  the  lengths  of 
the  full  lines  on  this  diagram,  for  each  length  of  embedment. 
Likewise  the  stresses  causing  the  bars  to  slip  m  in.,  ti  in.,  and 
T2  in.  are  shown : 


Table  III. — Results  of  Bond  Tests. 
Stresses  on  bars  in  pounds  per  square  inch  of  embedded  surface  of  bars. 


Embedment. 


Slip  not  over  y^^  of  an  inch. 


Round 198 

Square 232 

Twisted  (B) 250 

Twisted  (R) 382 

Corrugated  (N) 452 

Corrugated  (O). 594 


269 
316 
334 
324 
474 
651 


203 
164 
283 
256 

569 

545 


218 
288 
312 
467 
565 


178 
229 
291 
332 
471 
535 


*  Developed  full  strength  of  bond  before  slipping  j\  inch. 


24  in.      Average. 


209 
232 
289 
321 
487 
578 
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Table  III. — Results  of  Bond  Tests  (Continued). 


Embedment. 


S  in.      I     12  in. 


16  in.  20  in. 


Average. 


Slip  not  over  ^*j  of  an  inch. 


Round  

Square 

Twisted  (B)..  .  , 
Twisted  (R)..  . 
Corrugated  (X) 
Corrugated  (O) 


*i98 

+289 

*2I4 

*224 

*i90 

271 

*34i 

*i88 

♦240 

♦242 

283 

357 

287 

299 

306 

500 

366 

295 

329 

350 

626 

612 

660 

519 

506 

784 

786 

653 

593 

535 

223 
256 

306 

368 
585 

670 


Since  the  tests  made  by  Prof.  C.  E.  DePuy  in  September,  1906, 
the  writer  has  had  a  further  series  of  bond  tests  made  by  Prof. 
DePuy,  with  the  same  apparatus.  In  this  latest  series  the  bars 
tested  are  given  in  Table  IV: 


Table 

IV. — Description-   of   Bj 

IRS 

USED 

IX   Tests,   June 

1907. 

Bars. 

Weight 
per  foot. 
Pounds. 

Average 

area 
section. 
Sq.  in. 

Average  area  of  surface 
embedded.      Sq.  in. 

Size. 
Inches. 

Kind. 

12  in. 

16  in. 

24  in. 

H 

Round 

1.284 

1.322 

1.504 

1  .  292 

0.850 

0.  70 

2.05 

-975 
1-975 
1 .40 

1-391 

T7R 

26    I 
29.8 

31-9 
29 . 6 
24.  0 
21 .6 
50.0 
36.0 
36.6 
30.8 
27 .  2 

52.3 
59-6 
63.8 
59-2 
48.0 
43-2 
1 00.0 
72.0 
73-2 
61  .6 

1 

f 

1 

h 

h 
2  X  f 
lixi 

Square 

386 
442 
380 
250 
206 
603 
287 
582 
412 
410 

66 

48 
48- 

•  ■ 

7 
0 
8 

Old  Style  Corr.. 
New  Style  Corr. 
New  Style  Corr. 
Old  Style  Corr.. 

Universal 

Universal 

T.licr 

f 
t 

Uucr .  .                    .... 

Diamond 

54-2 

These  bars  were  embedded  12  inches  and  24  inches,  except 
that  three  specimens  were  embedded  16  inches.  The  concrete  was 
of  the  same  proportion,  1:2:4,  ^.nd  the  same  kind  of  sand  and  stone 
were  used  as  in  the  former  series,  but  Lehigh  cement  was  used 
instead  of  Atlas.  All  of  the  specimens  were  left  in  the  sheet  iron 
forms  for  two  days  when  the  forms  were  removed  and  those  marked 
"D"  were  allowed  to  age  in  air  in  the  basement  until  tested,  while 


*  Developed  full  strength  of  bond  before  slipping  jV  inch. 
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/y-  Corruyat*il  Barj  -/fttv^Cy/e.  L  ■  Co/c^ Th/tstea lug Sarj 

Q.  ..  ..       o/<f      "  S  ■ /!'/a/n  Square  Sar^ 

U-  '  •       Un/ytrja/.  /?      ••     /found      - 

J>  ■  V^mona  Barj. ' 


Fig.  6. 
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/^"-I>r/  .  /i~Mer         /6-Dry       ^■<'J)/'/        34-k<if 


o-       "  "     o/<y  ^^ 

U-         »  -      C/yo/Vgrsa/. 

D-J>/a/7?o/7e/  Bars. 


S-  F/a/n  Siiuare  Sars 


Fig.  7. 
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the  specimens  marked  "  W"  were  immersed  in  water  until  the  day 
before  they  were  tested.  Those  marked  "D"  were  tested  when 
28  days  old  and  those  marked  "  W"  were  35  days  old  when  tested. 
The  results  of  the  tests  are  given  in  Tables  V  to  VIII  inclusive 
and  shown  graphically  in  Figs.  6  and  7.  The  latter  show  clearly 
the  progressive  slipping  of  the  bars  as  the  loads  were  applied ;  also 
the  difference  between  the  specimens  kept  under  water  and  those 
kept  in  air.  It  is  unfortunate  perhaps  that  it  was  not  convenient 
to  make  all  of  these  tests  when  the  concrete  was  of  the  same  age, 
as  the  "  wet"  specimens  were  35  days  old  and  the  "dry"  specimens 
were  28  days  old. 

In  these  latest  tests  it  is  evident  that  the  concrete  was  some- 
what stronger  than  in  the  earlier  tests,  but  the  relative  strength  of 
bond  between  the  different  kinds  of  bars  remains  about  the  same. 
In  Fig.  8  are  shown  the  relative  efficiencies  of  the  different  bars 
in  these  latest  tests.  This  diagram  is  similar  to  Fig.  5  previously 
referred  to.  In  this  figure  the  lengths  of  the  full  lines  indicate 
the  maximum  stresses  the  bars  withstood  without  slipping  more 
than  Y¥T  of  an  inch.  The  stresses  producing  slips  of  a  greater 
amount  up  to  2T  of  an  inch  are  also  indicated.  The  "wet"  and 
"dry"  specimens  are  shown  one  under  the  other  in  each  case,  so 
that  a  ready  comparison  can  be  made.  While  the  "wet"  speci- 
mens were  allowed  to  remain  underwater  for  33  days,  they  generally 
developed  a  lower  bond  strength.  The  difference  is  not  very 
marked,  except  in  the  case  of  the  plain  bars.  In  Figs.  6  and  7 
these  differences  in  plain  bars  are  clearly  shown,  and  it  would 
appear  that  the  immersion  of  concrete  had  a  marked  effect  on  bond 
strength  for  plain  bars. 

As  would  be  expected,  the  form  of  the  twisted  lug  bar  is  not 
such  as  to  materially  increase  the  bond  value  of  this  bar  over  plain 
bars;  in  fact  as  shown  in  the  diagrams,  these  bars  began  to  slip  in 
the  concrete  under  less  stress  than  the  plain  bars.  The  lugs  are  not 
of  sufficient  size  to  be  effective,  and  the  twisting  introduces  a 
wedging  action  in  the  concrete  rather  than  a  direct  compressive 
or  shearing  action. 

The  bond  value  of  the  Diamond  bar  specimens  approached 
more  nearly  to  that  of  the  corrugated  bars,  and  in  the  12  in.  em- 
bedment the  Diamond  bar  developed  about  the  same  strength  of 
bond  as  the  ^  in.  new  section  corrugated. 
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The  results  for  the  corrugated  l)ars  in  this  last  scries  of  tests 
are  much  the  same  as  in  the  tests  made  last  September,  and,  as 
would  be  expected,  these  bars  de\'clopcd  a  very  great  bond 
value,  because  of  the  abrupt  angles  of  the  corrugations. 

Conclusions. 

In  view  of  the  wade  range  in  the  value  of  the  strength  of  bond 
between  plain  bars  and  concrete  as  reported  by  different  observers, 
which  range  is  from  83  pounds  to  854  pounds  per  square  inch  of 
embedded  surface,  depending  upon  the  smoothness  of  the  bars, 
character  of  the  concrete,  and  length  of  embedment,  it  seems 
impossible  to  formulate  any  rule  for  determining  the  value  of 
bond  or  adhesion  of  plain  bars  in  concrete. 

It  is  also  evident  that  while  twisting  of  square  steel  bars  does 
increase  the  strength  of  bond,  this  increase  depends  upon  the 
degree  of  twisting  the  bars  receive.  In  commercially  twisted 
bars  there  is  a  great  variation  in  the  amount  of  twisting  done  and 
it  is  not  unusual  to  see  twisted  bars  of  the  same  size  delivered  on 
work,  some  of  w^hich  are  twisted  two  to  four  times  as  much  as 
others. 

With  reference  to  special  shaped  bars,  such  as  corrugated  and 
Diamond  bars.  Since  these  bars  are  delivered  as  they  come  from 
the  rolls  they  are  of  necessity  quite  uniform  as  to  surface.  There 
would  seem  to  be  a  marked  advantage  in  having  the  corrugations 
or  ribs  on  these  bars  placed  at  right  angles  to  the  direction  of  the 
stresses  as  in  the  corrugated  bars,  rather  than  at  an  oblique  angle 
as  in  the  Diamond  bar.  It  is  evident  that  either  type  of  bar  can  be 
depended  upon  to  develop  the  elastic  limit  of  the  steel  without 
appreciable  slip  when  placed  in  good  concrete  with  a  moderate 
length  of  embedment. 

For  corrugated  bars  or  bars  having  equal  bond  value,  an 
embedment  equal  in  length  to  30  times  the  diameter  or  length  of 
side  of  bar,  will,  in  good  concrete,  develop  the  elastic  limit  of  the 
steel.  If  the  concrete  is  to  be  under  water  or  constantly  wet,  then 
for  corrugated  bars  the  embedment  should  preferably  be  forty 
times  the  diameter  or  length  of  side  of  the  bar. 

The  importance  of  using  bars  with  a  mechanical  bond  in 
reinforced  concrete  is  even  greater  for  work  that  is  to  be  under  water 
or  constantly  wet,  than  where  the  structure  is  exposed  to  air  on 
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all  sides.  So  far  we  have  few  data  regarding  the  effect  of  repeated 
stresses,  reversal  of  stresses,  and  shocks  upon  the  bond  between 
concrete  and  steel  in  reinforced  concrete  structures,  but  such 
information  as  we  have  indicates  that  there  is  a  progressive  break- 
ing of  the  adhesion  between  steel  bars  and  concrete  under  these 
conditions,  and  that,  therefore,  a  mechanical  bond  between  the 
steel  and  concrete  is  of  great  importance  as  a  means  of  insuring 
against  progressive  failures  in  reinforced  concrete. 


DISCUSSION. 


Mr.  Brown.  Mr.  John  G.  Brown. — I  should    like    to   ask  the  author 

whether  he  makes  it  a  point  to  select  different  bars  of  the  same 
area  of  surface  exposed  to  the  concrete. 

I  should  also  like  to  inquire  as  to  the  elastic  limit  of  the  plain 
square  and  the  plain  round  bar. 

Again,  my  understanding  is  that  when  concrete  is  exposed  to 
water  it  swells  very  much  like  wood.  If  that  is  the  case,  why, 
then,  is  this  bond,  or  mechanical  grip,  less  in  the  concrete  immersed 
in  water  than  for  concrete  in  air?  We  are  told  that  one  of  the 
best  cements  made  for  exposure  in  sea-water  or  in  any  water  is 
made  from  a  combination  of  iron  and  lime.  It  seems  to  me  that 
we  should  get  as  good  a  bond  in  water  as  in  air,  if  not  better. 
Mr.  Condron.  Mr.  T.  L.  Condron. — In  answer  to  the  question  as  to  the 

sizes  of  the  bars  referred  to,  I  would  say  that  a  full  description  of 
the  bars  is  given  in  the  paper.  In  one  set  of  tests  the  bars  were 
all  of  practically  the  same  size,  and  in  another  set  of  tests  different 
sizes  were  used,  but  in  all  cases  the  results  have  been  reduced  to 
pounds  per  square  inch  of  average  area. 

It  seems  appropriate  at  this  time  to  make  some  comment  as 
regards  the  specifications  for  bars  to  be  used  for  reinforcing  con- 
crete. The  specification  for  such  bars  should  not  be  the  same  as 
for  structural  material.  As  you  are  aware,  the  best  practice  in 
making  specifications  for  structural  steel  is  to  call  for  a  steel  of 
relatively  low  elastic  limit  and  great  ductility.  In  specifying  such 
steel,  the  elastic  limit  being  relatively  low,  there  is  a  corresponding 
sacrifice  in  the  elastic  strength  of  our  steel  structures,  and  the  only 
reason  for  making  such  a  specification  is  to  get  a  material  which 
will  withstand  the  punishment  which  structural  material  receives 
in  fabricating  a  steel  structure. 

Any  one  who  has  worked  in  the  mills,  and  especially  in  the 
shops,  is  familiar  with  the  severe  treatment  steel  receives  in  punch- 
ing, shearing  and  drifting.  It  is  entirely  out  of  the  question  to  use 
steel  of  high  elastic  limit  and  subject  it  to  this  kind  of  work  in  the 
shops,  because  these  operations  would  start  cracks  in  the  steel 

(464) 
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which  would  lead  to  failure  in  the  structure,  and  it  is  to  secure  a  Mr.  Condron. 
steel  which  will  receive  the  minimum  amount  of   injury   from 
punching,  etc.,  that  low  carbon  steel  is  specified. 

On  the  other  hand,  such  steel  as  is  specified  for  structural 
purposes  would  be  entirely  unsatisfactory^  for  rails.  For  many 
years  Bessemer  steel,  having  an  elastic  limit  from  fifty  to  sixty 
thousand  pounds,  has  been  used  for  railroad  rails,  and  certainly  no 
steel  has  to  withstand  more  severe  stresses  than  the  rails  in  track 
under  hea\7  and  rapidly  moving  engines  and  cars.  It,  therefore, 
seems  to  me  that  steel  bars  on  which  there  is  not  any  punching  or 
shearing,  except  the  cutting  off  of  the  ends,  made  of  this  same 
grade  of  steel,  is  a  perfectly  safe  and  suitable  material  to  use  for 
reinforcing  concrete,  and  because  of  its  higher  elastic  limit  it  is 
a  better  material  for  the  purpose  than  ordinary  structural  steel. 

We  are  all  well  aware  that  the  ultimate  strength  of  reinforced 
concrete  is  reached  when  the  reinforcing  steel  is  stressed  but  little 
beyond  its  elastic  limit.  We  also  have  reason  to  believe  that  it  is 
important  that  the  factor  of  safety  should  be  as  great  for  the  bond 
between  concrete  and  steel  as  for  the  elastic  strength  of  the  rein- 
forcing material,  and  therefore  the  ideal  reinforcing  material  will 
be  one  having  an  elastic  limit  of  not  less  than  50,000  pounds  per 
square  inch,  and  of  such  form  that  the  full  elastic  limit  can  be 
developed  without  any  danger  of  the  bars  slipping  in  the  concrete. 

Mr.  H.  H.  Quimby. — Mr.  Condron's  argument  that  old  rails  Mr.  Qtiimby. 
are  good  rails,  goes  only  part  way.     The  old  rails  are  certainly 
sometimes  rejected  rails,  and  rails  that  have  broken  are  not  good 
rails. 

I  feel  rather  challenged  by  ]\Ir.  Condron's  question  as  to  why 
we  should  prescribe  soft  steel — the  ordinary  grade  of  medium 
steel — for  reinforcing  rods.  The  reason  is  that  the  modulus  of 
elasticity  of  high  carbon  steel  is  no  greater  than  the  modulus  of 
elasticity  of  soft  steel,  in  fact,  may  be  a  little  less,  and  the  high 
carbon  steel,  therefore,  will  stretch  just  as  much  at  ser\-ice  loads 
as  our  soft  steel.  If  we  permit  twisted  rods  to  be  used  in  our  work, 
we  must  insist  upon  its  being  the  lower  grade  of  steel,  because  the 
high  carbon  steel  cannot  be  twisted  cold.  The  only  reason  for 
twisting  the  old  rail  steel  rods  hot  is  that  they  cannot  be  twisted 
cold.  It  costs  more  to  twist  them  hot,  and  you  do  not  get  as  uni- 
form a  twist. 

30 


466 


Discussion  on  Bond  Tests. 


Mr.  Brown.  ^Lr.  Brown. — Thc  author  has  only  answered     one  of  my 

questions  and  not  those  I  particularly  desired. 

In  the  first  place,  I  asked  him  as  to  the  effect  of  water  on  the 
bond  of  steel  imbedded  in  concrete. 

Again,  the  author  has  used  a  soft  steel  and  compared  that 
with  thc  high-carbon  steel;  that  is,  the  Johnson  bar.  The  limit  of 
bond  seems  to  be  the  elastic  limit,  which  is  usually  from  28,000  to 
36,000  pounds  per  square  inch. 

Mr.  Talbot.  Mr.  A.  N.  Talbot. — So  far  as  one  question  asked,  the  reason 

for  the  difference  between  the  bond  resistance  in  concrete  set  in 
air  and  that  set  in  water,  is  concerned,  it  may  be  that  this  may  throw 
some  light  upon  it.  In  general,  we  may  say  that  concrete  which 
is  set  in  air  shrinks  or  contracts  in  setting  considerably ;  w  hile  that 
set  in  water  contracts  relatively  little.  A  large  part  of  the  bond 
resistance  with  plain  rods  is  due  to  thc  grip  against  the  rod  itself, 
together  with  the  difference  in  section  throughout  the  length  of  the 
bar  which  comes  from  rolling.  We  may  then  naturally  expect  that 
concrete  which  has  contracted  around  a  piece  wdll  give  higher  resist- 
ance in  the  bond  test  than  concrete  which  has  contracted  less. 

The  effect  of  the  difference  in  section  is  perhaps  a  larger  ele- 
ment in  this  than  the  difference  in  smoothness  of  surface  of  the 
test  piece.  In  tests  made  with  tool-steel  bars — round  only,  smooth, 
but  very  regular  in  cross-section — the  amount  of  the  bond  resist- 
ance developed  was  perhaps  one-third  as  much  as  the  bond  resist- 
ance of  ordinary  mild  steel  rolled  rods;  but  the  difference  in 
diameter  in  adjoining  sections  along  the  length  of  the  rod  was 
also  markedly  different,  and  this  variation  in  section  makes  the 
plain  mild  steel  rod  partake  of  the  nature  of  a  deformed  bar. 

At  times  objection  has  been  made  to  the  usual  method  of 
making  the  bond  test,  from  the  fact  that  compression  is  brought 
upon  the  concrete — the  head  of  the  machine  being  placed  against 
the  concrete  block.  This  year  we  made  some  tests  in  which  the 
concrete  itself  was  held  in  tension,  two  bars  being  placed  so  that 
they  came  in  contact  with  each  other  at  the  middle  of  the  length 
of  the  concrete  block,  and  the  stress  from  these  bars  was  carried  as 
tension  through  the  concrete.  We  found  that  the  results  were  prac- 
tically the  same  as  those  obtained  by  the  other  method. 

Mr.  Thachetv.  Mr.  Edwin  Thacher  (by  letter). — During  the  past  few  years 

a  large  number  of  tests  have  been  made  by  different  experimenters 
on  the  bond  between  concrete  and  steel,  in  which  plain  bars  and 
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various  kinds  of  deformed  bars  have  been  used,  but  unfortunate!}-  Mr.  xhacher. 
the  great  majority  of  such  tests  have  no  value  and  are  not  com- 
parable, for  the  reason  that  the  limit  of  elasticity  of  the  steel  has 
been  greatly  exceeded.  In  many  cases  the  elastic  limit  and  ulti- 
mate strength  of  the  steel  is  not  given,  and  this  has  quite  as  much  to 
do  with  the  result  as  the  form  of  bar.  Thacher  bars  have  usually 
been  rolled  from  soft  or  medium  steel,  and  in  many,  if  not  the 
majority,  of  tests  on  this  bar  the  bar  has  been  broken  without 
giving  any  means  of  estimating  the  bond.  To  determine  the  real 
bond  between  concrete  and  any  style  of  bars  the  pulling  out  resist- 
ance should  not  much,  if  any,  exceed  the  elastic  limit  of  the  bar. 
With  plain  bars,  if  the  elastic  limit  is  exceeded,  the  bars  are  reduced 
in  section,  vv^here  they  enter  the  concrete,  relieving  the  bond,  and 
as  the  stress  per  square  inch  is  increased  this  relief  extends  deeper 
and  deeper  into  the  concrete  and  the  bond  resistance  per  square 
inch  of  surface  is  diminished.  With  deformed  bars,  if  the  elastic 
limit  is  exceeded,  the  increased  and  unequal  elongation  will  cause 
the  corrugations  or  projections  on  the  bars  to  split  or  crack  the  con- 
crete, so  that  the  result  in  this  case  also  is  incorrect.  Some  few 
tests  have  been  made  in  which  the  embedment  was  not  so  great  as 
to  stress  the  rods  beyond  their  elastic  limit,  and  I  will  quote  such 
as  I  have  been  able  to  find  most  readily,  and  which  appear  to  be 
most  reliable. 

Tests  made  at  Columbia  University  for  the  Rapid  Transit 
Commission  in  1903: 

Bond  per  square  inch  of  surfaces  embedded.     Concrete  i  month  old. 

Lbs. 

Plain  bars  rusted 437 

"  "  clean 294 

"  "in  water 170' 

'*         "  coated  with  red  lead 63 

"     "     "     "  oil...: 33 

"         "         "         "     graphite 10 

Thacher  bars  (average  of  two  tests) 744 

Ransome  bars  (        "  "         "  ) 521* 

Tests  made  by  Professor  Arthur  N.  Talbot,  University  of 
Illinois  Bulletin  No.  i,  September,  1904,  Table  VII,  bond  in 
pounds  per  square  inch  of  net  surface. 

Lbs. 

Johnson  bars  (within  elastic  limit)  7  tests,  mean 420 

Plain  bars,  round  and  square 284 
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Bond  tests  giving  stress  per  square  ineh  of  area  arc  not  com- 
parable, unless  the  areas  arc  equal,  and  the  stresses  arc  all  within 
the  elastic  limit. 

As  the  perimeter  varies  as  the  diameter,  and  the  area  as  the 
square  of  the  diameter,  it  is  evident  that  in  tests  for  bond  on  bars 
of  ditTerent  areas  the  perimeter  only  should  be  considered. 

Tests  made  at  Lewis  Institute,  Chicago,  by  Professor  C.  E. 
DePuy,  for  T.  L.  Condron,  Expanded  Metal  and  Corrugated  Bar 
Company,  in  1906.  Concrete  25  and  31  days  old.  See  Journal 
Western  Society  of  Engineers,  February,  1907.  Tests  were  made 
with  8,  12,  16,  20,  and  24  inches  embedment,  and  comparisons 
made  for  slips  not  exceeding  jh,  iV,  tV  and  ^2 ,  giving  20  sets  of 
results  altogether.  But  with  two  exceptions  these  results  have  no 
value  for  purposes  of  comparison  as  the  elastic  limit  of  the  Thacher 
bars  was  much  exceeded. 

The  comparable  results  are  as  follows: 


Size 

of 

Bar. 

Inches. 

Area 

of 

Bar. 

Sq.  In. 

Peri- 
meter of 

Bar. 
Inches. 

Embedment  8  Inches. 

Kind  of  Bar 

Stress  per  Square  Inch  of  Embedded 
Surface. 

SUp  Not 

Over 
ths  Inch. 

Slip  Not 

Over 
^  Inch. 

Average 
Stress. 

Compar- 
ative 
Results. 

Round    

Square 

Twisted,  B  .  .  . 
R  .  .. 

Thacher 

Corrugated,  N . 
0. 

1 

5 

f 

1 
5 

•378 
•390 
•395 
•395 

•385 
.368 
.424 

2.17 
2.50 
2.51 

2-51 
*2.20 

2-43 
2.60 

198 
232 

250 
382 

*555 
452 
594 

198 
271 

283 
500 
*738 
626 
784 

198 

251 

266 

441 

*646 

539 
689 

100 
127 

134 

222 

*326 

272 

348 

The  average  results  given  in  Mr.  Condron's  paper  for  8,  12,  16,  20  and 
24  inch  embedment  are  misleading  and  the  conclusions  drawn  therefrom 
by  Professor  De  Puy  are  from  incorrect  premises. 

Some  tests  were  made  by  Professor  C.  W.  Spofford,  Massa- 
chusetts Institute  of  Technology,  in  1903.  The  results  are  not 
verv'  satisfactory  or  conclusive.  The  embedment  was  too  great, 
the  stress  on  the  bars  in  most  cases  being  much  above  their  elastic 
limit. 

Tests  on  i^  and  i\  inch  bars  with  27,  37  and  50  inch  embed- 


♦Estimated  from  area  of  bar  and  embedment. 
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ment  give  the  following  average    stresses    per   square    inch    of  Mr.  Thacher. 
embedded  surface : 

Ransome  bars    583  pounds.  The   stress    on   some    of  these 

Thacher  bars      979         "  r"  bars  probably  exceeded  the  elas- 

Johnson  bars       957         "  J    tic  limit. 

Some  tests  were  made  at  Lewis  Institute,  Chicago,  by  Pro- 
fessor C.  E.  DePuy,  for  T.  L.  Condron,  in  June,  1907.  Unfor- 
tunately the  same  mistake  has  been  made  in  all  of  these  tests  that 
was  made  in  the  great  majority  of  the  tests  above  referred  to,  made 
in  1906.  The  least  embedment  reported  in  these  tests  is  12  inches 
which,  for  a  slip  not  exceeding  ^^o"  inch,  gave  a  stress  on  the  Dia- 
mond bar  of  44,100  pounds  per  square  inch,  which  probably 
much  exceeded  its  elastic  limit. 

Diamond  bars  have  been  rolled  from  soft,  medium  and 
medium-hard  open-hearth  steel,  the  elastic  limit  probably  ranging 
from  30,000  pounds  to  45,000  pounds  per  square  inch.  The  first 
rolls  used  also  gave  less  height  of  ribs  than  the  present  rolls,  so 
without  knowing  the  kind  of  rolls  and  grade  of  steel  used  for  the 
Diamond  bars,  it  is  impossible  to  draw  any  satisfactor}'  conclusion 
from  the  result  of  these  tests. 

Professor  Talbot  recognizes  the  unreliability  of  tests  for  bond 
due  to  stretch  (see  Bulletin  No.  8,  University  of  Illinois,  Vol.  4, 
September,  1906),  but  with  this  exception  experimenters  do  not 
appear  to  have  considered  it. 

Some  tests  for  bond  on  plain  and  deformed  bars  were  made  by 
Professor  Edgar  Marburg,  University  of  Pennsylvania,  in  1904. 
(See  Proceedings,  Vol.  IV.)  The  bars  used  had  a  nominal  size  of 
^  inch  and  were  embedded  12  inches  in  the  concrete.  Eight  of  the 
nine  specimens  of  deformed  bars  tested  were  stressed  much 
beyond  their  elastic  limit,  and  two  of  the  three  Thacher  bars 
tested  were  broken,  so  the  results  do  not  admit  of  comparison. 
The  plain  bars  pulled  out  at  an  average  stress  of  24,100  .pounds 
per  square  inch,  or  at  about  0.6  the  elastic  limit. 

Some  tests  were  made  by  the  Philadelphia  Rapid  Transit 
Commission  on  Thacher,  Ransome  and  Johnson  bars.  The  bars 
were  embedded  too  deeply  in  the  concrete.  All  of  the  Thacher 
bars  broke  without  pulling  out.  The  other  bars  pulled  out  under 
stresses  much  exceeding  their  elastic  limits,  so  the  results  are  not 
comparable, 
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Mr.  Thacher.  Some  tests  were  made  at  Lewis  Institute  Chicago,  by  Professor 

C.  E.  DePuy,  for  the  Concrete-Steel  Engineering  Company  of 
New  York,  in  }^Iarch,  1907.  Professor  De  Puy  reports  that  the 
cement  was  of  poor  quality,  and  that  the  results  are  of  value  only 
for  comparative  purposes.  Embedment,  8  inches.  The  results  are 
as  follows : 

For  tests  on  each  bar,  the  maximum  stress  not  exceeding 
18,800  poimds  per  square  inch. 


Area. 
Sq.  In. 

Average  Stress. 
Lbs.  per  Sq.  In. 

A 

in 

'erage  Slip, 
Millimeters. 

f-in. 
f-in. 
f-in. 

diamond  bars 

.41 
•56 
■38 

12,250 
12,900 
12,200 

.280 

■237 
•275 

new  corrugated  bar  .... 

Mr.  Condron. 


As  the  rate  of  slip  is  not  in  proportion  to  stress  it  is  difficult  to 
make  any  satisfactor}'  comparisons  with  tests  of  this  nature.  An 
attempt  has  been  made  to  obtain  the  average  slip  for  average 
stresses,  the  latter  being  as  nearly  equal  as  possible. 

Some  further  tests  were  made  by  Professor  De  Puy,  for  the 
Concrete-Steel  Engineering  Company,  on  September  3,  1907,  but 
the  embedment  was  too  great  and  the  results  have  no  value. 

]My  conclusion  is  that  nearly  all  the  tests  for  bond  between 
concrete  and  the  various  styles  of  deformed  bars,  thus  far  made 
by  different  experimenters  have  verj-  little  value,  either  for  deter- 
mining the  true  resistance  within  the  elastic  limit  of  any  particular 
bar  or  for  the  purpose  of  comparing  one  bar  with  another. 

]Mr.  Condron  (by  letter). — The  author  in  presenting  his 
paper  describing  the  tests  of  bond  between  steel  and  concrete  made 
by  Professor  DePuy,  has  done  little  more  than  to  put  the  results  of 
these  tests  in  a  convenient  form  for  study,  and  he  believes  that  if 
the  diagrams  shown  in  Figs.  3,  4,  6  and  7  are  examined  they  will 
clearly  show  the  resistance  to  slipping  which  different  forms  of 
bars  offer  when  embedded  in  concrete  under  identical  conditions. 
They  also  show  graphically  the  fact  that  short  embedments  in 
average  rock  concrete  do  not  develop  the  full  bond  strength  of 
deformed  bars,  and  further  that  the  elastic  limit  of  bars  is  a  factor 
of  the  bond  strength. 

Mr.  Thacher  in  his  discussion  calls  attention  to  the  elastic 
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limit  of  bars  as  a  factor  in  bond  strength,  which,  of  course,  is  recog-  Mr.  Condron. 
nized  by  every  engineer.  The  author  limited  his  paper  to  the  bond 
strength  of  the  bars  used  in  these  tests,  and  while  he  might  have 
expanded  the  paper  by  going  into  other  properties  he  did  not  con- 
sider it  necessary.  If  the  bars  are  so  formed  as  to  have  practically 
the  same  bond  strength  after  the  elastic  limit  is  passed  as  before, 
the  elastic  limit  will  not  be  a  marked  factor  in  the  bond  strength  of 
such  bars.  Undoubtedly  in  the  plain  bars  the  strength  of  bond 
will  be  seriously  impaired,  if  not  entirely  destroyed,  at  or  before 
the  elastic  limit  is  reached.  In  reinforced  concrete  construction 
the  aim  is  to  develop  the  full  clastic  limit  of  the  reinforcing,  and  up 
to  this  point  the  strength  of  bond  should  be  sufficient  to  insure  the 
bars  against  slipping. 

In  the  author's  paper  nothing  has  been  omitted  which  he 
thought  would  be  of  value  in  this  connection,  nor  has  he  drawn 
any  conclusions  from  only  a  portion  of  the  data,  but  he  has  pre- 
sented ail  of  the  results  of  the  tests  made,  and  such  few  conclusions 
as  he  has  dra\ATi  are  based  on  all  of  the  results. 

Mr.  Thacher  has  referred  to  tests  made  by  others,  and  it  may 
be  of  interest  to  comment  a  little  further  on  these  tests. 

In  the  test  reported  by  Professor  A.  N.  Talbot,  Bulletin  No.  i, 
University  of  Illinois,  apparently  there  has  been  an  error  made  in 
computing  the  area  of  the  Johnson  bars.  It  has  been  assumed 
there  that  the  |-in.  Johnson  (old  style)  bar,  having  an  area  of  0.20 
square  inch,  has  a  perimeter  of  2  inches.  The  bar  referred  to  is, 
therefore,  assumed  as  having  a  perimeter  as  great  as  that  of  a  bar 
weighing  25  per  cent,  more,  or  having  an  area  of  0.25  of  a  square 
inch.  Likewise  the  so-called  |-in.  Johnson  (old  style)  bar  having 
an  area  of  0.365  square  inch  is  assumed  to  have  a  perimeter  of  3 
inches,  equal  to  the  perimeter  of  a  bar  52  per  cent,  heavier  than  the 
bar  tested.  The  average  perimeter  of  the  ^-in.  Johnsoci  (old  style) 
bar  should  be  given  as  1.788  instead  of  2,  and  the  average  peri- 
meter of  the  |-in.  Johnson  (old  style)  bar  should  be  given  as  2.416 
instead  of  3.  Therefore,  while  the  results  given  by  Professor 
Talbot  based  on  the  areas  of  cross  section  of  the  bars  is  correct, 
those  results  based  on  the  areas  of  embedded  surface  of  bars  are  in 
error,  and  in  the  case  of  the  J-in.  bars  are  about  12  per  cent,  too 
small,  and  in  the  case  of  the  |-in.  bars  about  30  per  cent,  too 
small. 
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Mr.  Coodron.  Ill   Bulletin   No.   I,   Professor  Talbot  gives  the  results  for 

Johnson  bars  as  ranging  from  298  to  639  pounds,  and  had  the 
correct  areas  of  embedment  been  used  these  figures  would  become 
388  and  750  pounds  per  square  inch  of  embedded  surface  for  the 
Johnson  bars.  He  gives  the  results  for  the  plain  bars,  in  which,  of 
course,  there  is  no  error  in  the  determination  of  the  area  of  embed- 
ment as  ranging  from  174  to  360  pounds  per  square  inch  of  em- 
bedded surface.  In  these  tests  of  Professor  Talbot's  the  embed- 
ment was  12  inches  which  is  not  sufficient  length  of  average  rock 
concrete  in  which  to  develop  the  bond  strength  of  properly 
deformed  bars.  Professor  Talbot  states:  "It  will  be  seen  that 
the  Johnson  bars  split  the  concrete.  No  slipping  could  be  detected 
before  the  maximum  load  was  reached." 

It  is  difficult  to  determine  what  the  "area  of  surface"  is  of  a 
deformed  bar,  but  the  author  has  used  the  following  method  of 
arriving  at  the  average  areas  of  section  and  areas  of  surface  of  bars: 

Average  area  of  section  =  weight  of  bar  i  ft.  long -i-  3.4 


Average  perimeter  of  round  bar=  K  4    X  3.14 16  X  area  = 
1/3.  7  X  weight  of  bar  i  ft.  long. 


Average  perimeter  of  square  bar  =  4  l/area  = 
1/4.7  X  weight  of  bar  i  ft.  long. 

If  Mr.  Thacher  had  taken  the  mean  of  Professor  Talbot's  tests 
without  the  arbitrary,  "within  the  elastic  limit,"  he  would  have 
given  the  mean  as  485  for  Johnson  bars  instead  of  420,  and  had 
the  proper  surface  areas  been  considered  the  figure  would  be  607 
pounds  per  square  inch  of  embedded  surface  for  the  Johnson  bars, 
even  when  the  tests  resulted  in  the  splitting  of  the  concrete  before 
the  bars  began  to  slip.  It  is  also  interesting  in  this  connection  to 
note  that  in  more  than  half  of  these  tests  the  Bulletin  states  that 
the  bars  before  testing  were  "struck  six  quarter  swing  blows  with 
a  lo-pound  sledge."  Apparently  these  results  were  pretty  good 
under  the  circumstances,  and  compare  xev}'  favorably  with  the 
tests  made  by  Professor  DePuy  on  a  12 -inch  embedment  shown 
in  Fig.  4. 

Passing  now  to  Mr.  Thacher's  table  of  the  tests  by  Professor 
DePuy,  he  has  added  the  results  for  the  Thacher  bars.  The 
original  report  states:  "As  there  was  no  way  of  readily  determining 


Discussion  on  Bond  Tests.  473 

the  surface  areas  of  the  Thacher  bars,  these  are  not  included  in  Mr.  Condron 
Fig.  4  and  Table  III."  The  results  for  these  bars,  in  pounds  per 
square  inch  of  cross  section,  are  given  in  Fig.  3  and  Table  II, 
however.  Mr.  Thacher  gives  the  average  perimeter  of  his  bar, 
having  an  area  of  0.385,  as  2.20.  This  would  be  correct  if  the  bar 
were  a  round  bar  like  his  later  design,  the  so-called  "Diamond 
bar. "  But  as  the  Thacher  bar  is  as  much  an  oval  as  a  round  bar, 
the  question  naturally  arises,  what  is  the  average  perimeter  ?  and  it 
is  evident  the  average  perimeter  is  greater  than  the  minimum  pos- 
sible perimeter.  This  average  perimeter  if  actually  determined 
would  be  at  least  10  per  cent,  greater  than  2.20  and  might  be  as 
much  as  20  per  cent,  greater.  In  any  case  the  resulting  stress  per 
square  inch  of  embedded  surface  would  be  at  least  10  per  cent. 
less  than  ]Mr.  Thacher  gives. 

Air.  Thacher  refers  to  Professor  Spofford's  tests  in  1903  and 
states  that  the  embedments  were  too  great,  but  he  only  quotes  the 
longest  embedments;  namely  27,  37  and  50  inches.  It  may,  there- 
fore, not  be  out  of  place  to  state  that  in  these  tests,  as  reported  in 
Beton  mid  Eisen  and  reprinted  in  the  Railroad  Gazette  of  September 
18,  1903,  the  lengths  of  embedment  were  12,  16,  20,  24,  26,  27,  31, 
36,  37  and  50  inches,  but  confining  ourselves  to  the  12-  and  16-inch 
embedments,  which  are  not  "too  great,"  the  results  as  published 
in  the  Railroad  Gazette  are  given  on  page  474. 

These  results  are  of  especial  interest  because  Professor 
Spofford  caUs  attention  to  the  fact  that  in  certain  tests  the  rods 
began  to  slip  at  low  loads,  after  which  initial  slipping  the  loads 
were  increased  ver}^  greatly,  and  in  one  instance  he  records  the  rod 
as  slipping  5  inches,  presumably  before  the  maximum  load  was 
reached.  It  was  this  fact  that  led  the  author  to  have  tests  made 
by  Professor  DePuy,  in  which  special  means  were  taken  to  observe 
the  actual  movement  of  the  bars  as  the  loads  were  applied. 

With  reference  to  Professor  Marburg's  tests,  Mr.  Thacher 
says  two  of  the  three  Thacher  bars  tested  broke.  It  is  evident 
that  in  such  concrete  as  Professor  Marburg  used,  1 2  inches  embed- 
ment was  sufficient  to  develop  the  ultimate  tensile  strength  of  the 
Thacher  bars  used,  namely  about  52,000  pounds  per  square  inch, 
and  did  develop  as  high  as  76,000  pounds  per  square  inch  tension 
in  the  Johnson  bars. 
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Mr.  Condron.      RESULTS  OF  TESTS  ON  THE   UNION  BETWEEN  CONCRETE 

AND  STEEL. 

By  Prof.  C.  W.  Spofford,  Massachusetts  Institute  of  Technology. 
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Concrete  split. 

It  seems  to  the  author  that  it  is  more  profitable  in  bond  tests 
to  study  the  stresses  in  pounds  per  square  inch  of  section  of  the 
bars  instead  of  stresses  per  square  inch  of  embedded  surface.  The 
bond  resistance  is  not  proportional  to  the  area  of  embedded  surface, 
although  the  area  of  surface  is  a  function. 

Mr.  Thacher  says:  "The  average  results  given  in  Mr.  Con- 
dron's  paper  are  misleading,  and  the  conclusions  drawn  therefrom 
by  Professor  DePuy  are  from  incorrect  premises."  Professor 
DePuy  cannot  be  charged  with  drawing  any  conclusions  from  the 
author's  paper,  but  the  author  has  drawn  some  conclusions  from 
Professor  DePuy's  report,  without  comments,  of  the  results  of 
certain  tests.  As  Mr.  Thacher  fails  to  state  in  what  particulars 
the  results  given  are  misleading,  the  author  is  unable  to  defend 
himself.  The  results  speak  for  themselves.  Nothing  has  been 
garbled  or  distorted  and  no  effort  was  made  to  do  more  than 
present  a  record  of  interesting  and  instructive  tests  for  the  infor- 
mation of  those  who  are  seriously  looking  for  such  data. 


NOTES  ON  BRICK  PIER  TESTS. 
By  James  E.  Howard. 

An  ultimate  crushing  strength  of  5,608  pounds  per  square  inch 
represents  the  maximum  resistance  which  has  been  displayed  by  a 
brick  pier  in  the  Watertown  Arsenal  tests.  There  are  a  number 
of  instances  in  which  the  crushing  strength  has  exceed  4,000  pounds 
per  square  inch,  and  it  is  a  comparatively  easy  matter  to  build 
piers  which  shall  display  at  least  3,000  pounds  per  square  inch 
ultimate  strength.  It  is  believed  that  the  maximum  limit  for  piers 
has  not  been  reached,  and  that  even  higher  results  may  be  obtained 
by  the  use  of  some  of  the  stronger  brick,  examples  of  which  are 
found  among  the  tests  of  individual  samples,  but  which  have  not 
yet  been  tested  in  pier  construction. 

The  strength  of  individual  brick  not  infrequently  ranges  from 
15,000  to  25,000  pounds  per  square  inch,  while  one  of  phenomenal 
resistance  displayed  a  crushing  strength  of  38,446  pounds  per 
square  inch.  The  possibilities  of  strength  in  clay  products  are 
shown  in  the  test  last  mentioned,  that  of  a  vitrified  shale  brick, 
the  honor  of  making  which  belongs  to  the  St.  Louis  Vitrified  and 
Fire  Brick  Company. 

The  results  of  tests  of  fifteen  piers  are  presented  herewith, 
compiled  for  convenience  of  reference  from  several  of  the  annual 
reports  of  "Tests  of  Metals."  These  are  selected  results  on  piers 
which  have  shown  an  ultimate  strength  of  3,000  pounds  per  square 
inch  or  more.  These  strong  piers  were  made  of  hard-burnt  brick, 
laid  in  neat  cement  or  cement  mortar.  Their  dimensions  were 
about  8  feet  high  by  12  inches  square.  The  Arsenal  tests  also 
include  results  on  other  grades  of  brick  laid  in  different  kinds  of 
mortar.  It  has  been  intended  to  show  not  only  the  degree  of 
strength  and  rigidity  attainable  in  brick  work,  but  also  to  illustrate 
the  strength  and  behavior  of  the  more  ordinan,-  examples  where 
considerations  of  strength  do  not  control.  There  are  therefore 
results  on  piers  made  of  hght-hard  brick  laid  in  lime  mortar, 
representing  the  less  strong  and  less  rigid  kinds  of  work.     Strength 
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and  rigidity  are  controllable  features  and  may  be  regulated,  within 
limits,  by  selection  of  the  brick  and  choice  of  mortar. 

During  the  early  stages  of  loading,  piers  which  are  made  of 
hard-burnt  brick  laid  in  cement  mortar  show  moduli  of  elasticity 
in  the  vicinity  of  3  million  to  4  million  pounds  per  square  inch. 
As  the  loads  advance  the  value  of  the  modulus  commonly  drops 
somewhat,  an  effect  attributed  to  the  action  of  the  mortar.  Per- 
manent sets  are  of  small  magnitude  in  piers  of  this  class.  If 
lime  mortar  is  used  large  sets  are  developed  and  lower  moduli  of 
elasticity  prevail,  the  yielding  of  the  mortar  also  exerting  an  un- 
favorable influence  on  the  ultimate  strength  of  the  pier.  Regular- 
ity in  shape  of  the  individual  brick  promotes  strength  in  the  pier. 
The  modulus  of  elasticity  of  strong  mortar  or  neat  cement  is  less 
than  that  of  hard-burnt  brick,  hence  it  follows  that  the  best  cushion- 
ing effect  at  the  joint  is  reached  when  the  mortar  is  of  even  thickness. 

Piers  commonly  rupture  by  the  development  of  longitudinal 
lines  of  fracture,  the  brick  being  broken  into  halves  across  the 
middle  of  their  lengths.  In  some  cases  the  ultimate  strength  is 
reached  by  reason  of  the  direct  crushing  of  individual  brick,  but 
the  usual  manner  of  rupture  is  the  development  of  transverse  lines 
of  fracture  tending  to  convert  the  pier  into  a  clustered  column  of 
half- brick. 

Means  which  defer  the  development  of  longitudinal  cracks 
might  be  expected  to  promote  strength  and  it  is  thought  that  some 
assistance  may  be  afforded  by  modifying  the  manner  of  laying  the 
brick.  The  transverse  strength  of  a  brick  on  edge  should  be 
greater  than  on  the  flat,  and  apparently  some  gain  in  strength  in  the 
pier  has  resulted  from  laying  the  brick  on  edge  instead  of  on  the  flat. 
Also  breaking  joints  at  less  frequent  interv^als,  laying  six  or  seven 
courses  and  then  breaking  end  joints,  has  seemed  to  promote 
strength,  over  the  usual  manner  of  laying.  The  use  of  strong  bond 
stones,  in  their  cross  section  dimensions  as  large  as  the  pier,  should 
likewise  aid  in  giving  strength. 

It  is  an  element  of  weakness,  however,  to  carr}'  up  a  smaller 
pier  on  the  top  of  a  larger  one  without  the  interposition  of  a  strong 
stone  or  plate,  to  relieve  the  larger  pier  of  transverse  strains  at 
its  junction  with  the  smaller  one.  A  remark  of  this  kind  would 
apply  to  foundation  courses  in  regard  to  corbels,  which  should  have 
steps  of  limited  extent. 
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The  strength  and  rigidity  of  a  pier  increases  with  age,  due  to 
the  hardening  of  the  mortar.  By  the  use  of  strong  brick,  however, 
a  high  ultimate  strength  may  be  acquired  within  a  comparatively 
short  interval  of  time.  It  so  happened  that  the  pier  first  mentioned, 
which  displayed  the  highest  strength  yet  observed,  was  only  7 
days  old  when  tested.  Another  pier  was  built  in  the  forenoon  and 
tested  in  the  afternoon  of  the  same  day.  This  pier,  when  four 
hours  old,  displayed  a  crushing  strength  of  2,106  lbs.  per  square 
inch,  or  over  144  tons  per  square  foot.  During  construction  it 
would  not  be  practical  to  load  the  pier  so  heavily  by  chance  at  this 
age,  and  therefore  if  properly  designed  for  carrying  its  load  under 
final  conditions  would  be  regarded  as  safe  beyond  doubt. 


PRIMING  COATS  FOR    METAL    SURFACES— LINSEED 
OIL  vs.  PAINT. 

By  F.  p.  Cheesman. 

Previous  to  1885  it  was  almost  a  universal  custom  to  use  boiled 
linseed  oil  as  a  shop  or  priming  coat  for  metal.  This  was  largely  due 
to  the  fact  that  but  little  attention  was  given  in  those  days  to  the 
subject  of  corrosion,  while  to-day  we  have  almost  gone  to  the  other 
extreme  and  corrosion  has  become  a  favorite  topic  at  our  meetings. 
The  theories  presented  differ  so  much  that  the  layman  is  apt  to 
grow  confused  and  throw  up  his  hands  in  despair;  and  yet  the 
agitation  has  resulted  in  great  improvement  and  progress  in  pre- 
venting corrosion,  notwithstanding  the  destructive  forces  that  we 
have  to  contend  with  increase  in  number  yearly,  and  the  metal 
that  we  have  to  protect  in  many  cases  is  no  longer  passive,  but  also 
frequently  produces  a  destructive  attack  from  the  rear  upon  the 
protective  coatings  applied  to  the  surface.  At  the  present  time 
ver}'  few  bridge  engineers  specify  the  use  of  boiled  oil,  and  yet  there 
are  enough  still  doing  so  to  make  it  worth  the  effort  to  call  their 
attention  to  the  fact  that  they  are  making  a  mistake  and  inviting 
corrosion  by  so  specifying. 

I  will  not  attempt  to  go  into  the  chemistr}'  of  linseed  oil,  the 
fact  being  that  we  know  less  about  linseed  oil  than  probably  any 
other  oil  used  in  the  manufacturing  trade,  and  this  is  due  largely  to 
the  fact  that  we  cannot  seem  to  get  a  recognized  standard  for  linseed 
oil,  owing  to  the  great  changes  which  take  place  in  the  article  itself, 
the  yield  of  oil  from  year  to  year  varies  from  22  to  34  per  cent,  from 
North  American  seeds,  while  it  has  been  known  to  go  as  high  as 
40  per  cent,  in  foreign  seeds,  while  the  percentage  of  water  ranges 
from  6  to  10^  per  cent. 

For  the  paint  trade  the  quality  of  the  oil  is  measured  by  its 
power  of  absorbing  oxygen,  and,  rated  by  that  standard,  Baltic 
seed  is  No.  i,  Bombay,  Calcutta  and  Black  Sea  seed  No.  2,  North 
American  seeds  No.  3,  although  there  is  quite  a  difference  in  the 
values  of  North  American  seeds,  Dakota  seed  making  better  oil 
than  Missouri  seed,  and  seed  from  new  soil  better  oil  than  from  old 
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soil  on  which  fertilizers  have  been  used.  Argentine  seed  is  No.  4, 
or  poorest.  The  quality  of  the  seed  does  not  seem  to  depend  upon 
climatic  conditions  so  much  as  upon  the  (juality  of  the  soil. 

At  a  meeting  in  1906  of  the  New  York  section  of  the  Society 
of  Chemical  Industry,  Dr.  Sabin,  in  an  article  on  "The  Oxidation 
of  Linseed  Oil, "  showed  that  after  the  same  oil  had  been  placed  in 
six  glass  flasks  connected  together  with  tubing  and  allowed  to 
stand  in  a  well  lighted  room,  there  was  such  a  difference  in  the 
weight  after  dn,'ing  that  one  had  gained  two  and  one-half  times  as 
much  as  the  other,  the  figures  being  10. i  and  25.5  per  cent.  Dr.  P. 
C.  Mcllhiney,  at  the  same  meeting,  said  with  regard  to  the  atmos- 
pheric oxidation  of  linseed  oil  he  had  himself  found  that  the  same 
sample  of  linseed  oil  would  at  different  times  and  under  conditions 
that  were  apparently  the  same,  absorb  ven,-  different  percentages 
of  oxygen,  or  at  least  that  the  increase  of  weight  on  dr}'ing  was  very 
different.  I  mention  the  above  to  show  why  it  is  possible  to  have 
conflicting  results  when  the  paint  maker  has  made  no  change  in 
his  vehicle.  Linseed  oil  is  to-day  the  best  paint  vehicle  we  know 
of,  but  it  contains  some  of  the  still  unknown  mysteries  of  nature, 
and  it  occasionally  gives  us  a  knockout  blow. 

While  a  few  still  contend  that  linseed  oil  when  dry  is  not 
porous,  the  majority  believe  (and  especially  as  applied  to  boiled 
linseed  oil)  that  it  is  hygroscopic  in  its  nature,  the  proof  of  the 
pudding  cannot  in  this  case  be  found  in  the  eating,  but  it  can  be 
found  in  the  following  field  tests. 

Several  very  interesting  facts  were  stated  by  practical  men  at 
the  third  annual  convention  of  the  Maintenance  of  Way  Master 
Painters'  Association  of  the  United  States  and  Canada,  held  in 
New  York,  November  13  and  14,  1906,  and  are  printed  in  their 
proceedings,  and  I  will  mention  the  following: 

Mr.  Edward  Hurst  Brown,  in  his  paper  on  "Conditions  That 
Must  Be  Met  in  the  Ideal  Paint  for  Railway  Bridges, "  stated  as 
follows : 

The  most  insidious  enemy  of  the  iron  bridge  is  rust,  and  the  primary- 
object  of  painting  it  is  to  protect  it  from  those  elements  which  cause 
destruction  by  rust.  Rust  is  caused  by  the  combination  of  the  metal 
with  oxygen  to  form  the  hydrated  oxide  of  iron.  This  oxygen  may  be 
obtained  from  the  air,  from  water  or  from  some  other  substance  which 
acts  as  a  carrier  of  oxygen  or  an  oxidizing  agent — always,  however,  in  the 
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presence  of  moisture.  Now,  one  of  the  primary  things  to  be  considered 
in  choosing  a  paint  for  ironwork  is  that  it  shall  not  contain  in  its  pigment 
or  vehicle  any  substance  which  is  chemically  active  in  such  a  way  as  to 
convey  oxgyen  to  the  iron.  For  if  such  a  chemically  active  agent  be 
introduced  into  the  paint,  sooner  or  later  it  will  promote  rather  than 
prevent  rust.  Of  course,  so  long  as  the  oil,  in  an  oil  paint,  remains  intact 
it  envelops  the  particles  of  pigment  and  keeps  them  away  from  the  iron, 
but  in  time  the  oil,  which  has  hardened  by  absorbing  oxygen  from  the  air, 
begins  to  disintegrate  by  the  action  of  water  coming  from  rain,  hail,  snow 
or  fog.  Moreover,  even  the  freshly  applied  oil  is  not  absolutely  impene- 
trable to  moisture,  as  has  been  shown  by  numerous  experiments,  and 
however  completely  the  particles  of  the  chemically  active  pigment  may 
be  covered  by  an  oil  film,  they  will  necessarily  come  in  contact  with 
moisture^will  decompose  the  water  and  absorb  its  oxygen,  and  convey 
it,  together  with  the  hydrogen,  to  the  surface  of  the  iron  to  cause  rust. 
For  this  reason  the  ideal  paint  for  a  steel  or  iron  bridge  should  not  contain 
a  chemically  active  pigment,  nor  any  strongly  oxidizing  agent  in  the  way 
of  driers. 

We  have  also  seen  that  linseed  oil  is  permeable  to  moisture 
and  to  the  gases  and  steam  from  locomotives.  This  was  first 
clearly  demonstrated,  we  believe,  by  Dr.  C.  B.  Dudley,  Chemist 
Pennsylvania  Railroad,  and  to  this  fact  may  be  ascribed  the  cor- 
rosion of  the  metal  under  an  apparently  intact  coating  of  paint. 
It  is  true  that  in  the  mixture  of  oil  with  pigment  in  a  very  finely 
divided  form  the  tendency  is  for  the  pigment  particles  to  more  or 
less  fill  up  the  interstices  in  the  oil  film  and  render  it  less  porous. 
How  completely  this  is  done  depends  more  or  less  upon  the  shape 
of  the  minute  particles  of  pigment,  and  as  Mr.  Robert  Job, 
formerly  Chemist,  Philadelphia  and  Reading  Railway,  demon- 
strated in  a  paper  read  before  the  Franklin  Institute,  it  depends 
even  more  largely  upon  the  fineness  of  grinding  of  the  pigment 
particles.  The  finer  the  pigment  is  ground,  the  more  perfect  will 
be  its  protective  power.  This  was  shown  ver)--  clearly  by  examina- 
tion of  the  paint  film  under  the  microscope  as  well  as  by  actual 
service  tests. 

J.  B.  Houser,  M.  C.  P.,  C.  V.  R.  R.,  and  President  'of  the 
Master  Car  and  Locomotive  Painters'  Association,  stated  the 
following  experiences: 

We  have  a  bridge  crossing  the  Potomac  River;  I  do  not  recall  just 
when  that  was  painted — perhaps  in  1892.  That  came  to  us  with  a  coat- 
ing of  boiled  oil,  and  we  have  had  qvtite  a  good  deal  of  trouble  with  it. 


482  Cheesman  on  Priming  Coats 

I  do  not  like  to  see  a  coating  of  boiled  oil  on  a  bridge — I  would  rather  have 
it  a  little  rusty  than  with  this  shop  coating  of  boiled  oil.  I  believe  we  can 
take  care  of  rust  before  the  bridge  is  painted  better  than  we  can  after  it 
has  this  shop  coating,  it  seems  to  hold  the  blue  scale  for  a  little  while,  but 
will  linally  give  way.  We  had  the  same  trouble  on  a  bridge  at  Martins- 
burg,  although  Ave  tried  to  clean  it  the  best  we  could.  I  think  if  the  shop 
coat  of  boiled  oil  had  been  left  off  we  would  have  had  no  trouble.  I  do 
not  know  what  experience  you  have  had,  but  this  has  been  mine — on  new 
work,  of  course.  Old  work  we  have  to  take  care  of  as  everybody  else  does ; 
we  scrape  it  where  necessary,  and  as  a  rule  give  two  coats  of  paint.  But  I 
would  like  to  know  if  the  experience  of  others  with  boiled  oil  has  been  the 
same  as  mine. 

•  H.  J.  Barkley,  of  the  Illinois  Central  Railroad: 

We  have  had  the  same  experience,  Mr.  Houser.  We  had  fifty  sets 
of  plate  girders  come  to  us  with  a  shop  coating  of  boiled  oil — I  suppose  it 
was  given  so  as  to  not  cover  up  the  shop  marks — and  we  had  similar 
experience  with  them;  a  wire  brush  had  no  effect  on  the  oil.  They  have 
been  in  use  for  five  or  six  years,  and  are  in  a  terrible  shape.  We  could 
not  get  off  the  blue  scale  and  rust  when  they  were  first  painted. 

Mr.  J.  H.  Cummin,  Superintendent  of  Bridges  and  Buildings, 
Long  Island  Railroad,  said  that  he  did  not  believe  we  could  lay  that 
to  the  manufacturers  of  steel  work.  The  engineers  specify  how 
the  steel  is  to  come  from  the  works;  some  specify  a  coat  of  boiled 
oil;  some  a  coat  of  red  lead.  So  you  want  to  get  back  at  the  engi- 
neers, not  the  manufacturers. 

The  writer,  in  the  course  of  his  remarks,  made  the  follow- 
ing statements: 

Any  practical  master  painter  will  allow  that  boiled  linseed  oil  when 
used  alone  for  the  first  coat  on  metal  will  not  dry  hard  in  weeks.  It  oxi- 
dizes on  the  surface,  absorbing  moisture  and  forming  a  skin,  leaving  the 
underneath  portion  soft  and  easily  knocked  off  in  shipping  and  later  on 
will  cause  subsequent  coats  of  paint  to  crack  and  peel.  This  is  because 
the  first  coat  of  oil  must  dry  some  time,  and  in  doing  so  will  force  the  top 
coats  to  crack,  and  sooner  or  later  come  off. 

Mr.  Emil  Gerber,  in  his  report  on  the  Illinois  Central  Rail- 
road bridge  at  Cairo,  111.,  shows  that  the  approaches  which 
received  one  shop  coat  of  paint  weathered  better  than  the 
brid~c  which  received  one  shop  coat  of  oil.  When  the  Cumber- 
land Valley  Railroad  bridge  was  built  in  1887  at  Harrisburg, 
Pa.,  it  was  built  jointly  by  the  Edgemore  and   Union    Bridge 
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Works,  and  one  applied  a  shop  coat  of  paint  and  the  other  a  shop 
coat  of  oil.  After  erection  it  was  found  that  the  oiled  part  of  it  was 
rusting  xery  badly.  Two  coats  of  our  paint  were  soon  applied  on 
the  entire  structure,  and  the  section  that  received  one  coat  of  paint 
at  the  shop  stood  much  the  better.  Mr.  R.  I.  Sloan,  late  Chief 
Engineer  of  the  South  Side  Elevated  Railroad,  Chicago,  111.,  speci- 
fied oil  for  priming  coat.  He  allowed  the  Lassig  Bridge  and  Iron 
Works  Company  to  paint  the  section  that  they  built  at  their  shops 
with  one  coat  of  oxide  of  iron  paint,  and  the  structure  received  two 
coats  of  our  light  colored  paints.  The  section  built  by  Lassig, 
covered  with  three  coats  of  paint,  weathered  much  the  better. 

We  also  quote  from  Mr.  M.  P.  Wood's  book  on  "  Rustless 
Coatings  " : 

Many  engineers  advocate  the  use  of  boiled  oil  alone  for  the  first  or 
priming  coat,  applied  either  at  the  rolling  mill  to  protect  the  metal  during 
its  transit  from  the  mill  to  the  construction  shop,  or  at  the  shop  when  ready 
to  ship  for  erection.  The  general  reason  assigned  for  this  practice  is  that 
the  boiled  oil  "soaks  into  the  scale  and  dries  and  prevents  further  tendency 
toward  corrosion". 

This  theor\'  is  absolutely  without  proof  from  any  standpoint. 
How  far  any  oil  or  liquid  can  soak  into  iron  or  steel,  or  the  still 
harder  mill  scale  that  forms  on  these  metals,  these  Solons  do  not 
state.  The  use  of  such  oil  coatings  is,  in  general,  to  conceal  some 
slopwork  on  the  part  of  the  inspector,  or  constructor,  at  an  earlier 
stage  of  the  work  than  would  be  possible  later  on.  However  con- 
sistent and  beneficial  the  first  coating  of  oil  may  be  for  a  wood  or 
masonr)'  surface,  it  has  no  part  or  parcel  on  a  metallic  one,  when 
applied  for  the  correction  of  the  mill  scale  evil.  No  number  of 
these  oil  or  even  paint  coatings  will  soak  into  and  bond  these  scales 
together,  or  to  the  metal  surface.  There  are  hundreds  of  records 
of  the  painting  of  important  railway  structures,  where  the  first  coat 
of  boiled  oil  method  was  used,  and,  in  the  great  majority  of 
instances,  the  utter  and  rapid  failure  of  the  coating,  and  the  extra 
corrosion  of  the  structure,  could  be  directly  assigned  to  this  so- 
called  method  of  protection. 

The  weather-resisting  power  of  an  oil  coating  is  almost  nil 
compared  with  a  paint,  as  before  referred  to  in  Dr.  Dudley's 
experiments.  If  the  advocates  of  oil  coatings  are  so  sure  of  its 
benefits  as  against  a  paint,  why  not  make  all  the  coatings  of  oil 
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alone,  no  matter  what  it  covers,  a  wire  or  an  anchor?  It  will  soak 
as  far  into  one  as  the  other.  A  paint  coating  can  be  applied  as 
quickly  and  easily  to  any  surface  as  an  oil  coat;  will  dr}-  as  cjuickly 
and  as  hard,  and  is  in  even,-  way  a  better  resistant  to  atmospheric 
or  mechanical  injuries. 

A  foundation  coat  of  oil  is  a  direct  cause  of  the  blistering  and 
peeling  of  the  coatings  spread  over  it.  It  is  seldom  dried  enough 
before  the  other  paints  are  spread  over  it  to  ensure  a  close  adherence 
to  the  metal  it  covers.  When  the  subsequent  coats  of  paint  are 
spread  the  solvents  and  oils  in  them  soften  to  some  extent  the 
underlying  coat  of  oil,  and  a  moderate  heat  from  the  sun  causes  the 
whole  coating  to  blister  or  peel.  Too  much  oil  in  a  paint  coating, 
particularly  if  the  surplus  oil  is  in  or  near  the  foundation  coat, 
whether  on  a  wooden  or  metallic  surface,  will  generally  cause 
peeling  regardless  of  the  pigment  used  in  the  coatings. 

In  1 904  I  examined  with  Mr.  Byrnes,  who  was  the  Engineer  in 
Charge,  the  Newtown  Creek  Bridge,  New  York  City,  a  new  structure 
then  being  erected,  and  on  which  had  been  applied  a  shop  coat  of 
boiled  linseed  oil,  and  we  found  the  steel  underneath  ver}-  badly 
corroded,  and  he  stated  then  that  it  would  be  the  last  time  that  he 
would  ever  allow  the  use  of  Iwilcd  linseed  oil,  if  he  had  anything  to 
say  about  it.  A  few  months  ago  I  had  occasion  to  examine  one 
of  the  new  piers  being  erected  in  New  York  City  with  the  engineer, 
and  found  the  same  trouble  there — corrosion  under  a  coating  of 
boiled  linseed  oil — and  he  was  convinced  that  to  specify  linseed  oil 
for  a  priming  coat  led  to  poor  results. 

I  might  go  on  and  cite  many  other  cases,  but  I  think  that  I 
have  taken  up  enough  time  and  produced  enough  evidence  to  show 
that  linseed  oil  by  itself  is  a  bad  thing.  The  question  now  arises, 
What  pigment  would  you  recommend  using  in  connection  \\ith 
linseed  oil  for  a  priming  coat  ?  and  to  this  I  answer  that  the  paint 
doctor  must  be  advised  upon  several  points  before  he  can  prescribe 
the  proper  pigment. 

Will  the  metal  be  painted  under  cover  and  how  much  time  will 
be  allowed  for  dr}-ing?  If  it  is  a  rush  job,  we  want  to  use  a  pig- 
ment that  will  not  retard  the  dr}'ing  of  the  oil,  as,  for  instance, 
carbon  black  is  a  very  durable  pigment,  but  it  does  not  want  to  be 
used  on  a  rush  job.  Is  the  material  to  be  shipped  a  long  distance, 
and  what  kind  of  exposure  will  it  have  before  it  is  second  coated? 
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Will  the  metal  be  properly  cleaned  before  the  shop  coat  is  applied  ? 
All  of  these  questions  must  be  answered  before  we  can  state  intel- 
ligently what  is  the  best  pigment  to  use,  but  where  no  information 
can  be  obtained,  as  a  general  rule,  it  is  safe  to  use  a  selected  high 
grade  natural  ore  iron  oxide  paint,  while  for  many  locations  a  blue 
lead  paint  would  be  best,  and  in  others  a  combination  of  red  lead 
and  graphite,  or  a  carbon  black  paint.  It  is  safe  to  say  that  more 
paint  is  spoiled  in  the  application  than  in  the  manufacturing  of  it, 
and  the  inspector's  chief  efforts  should  be  to  see  that  it  is  well 
brushed  on  and  the  metal  properly  cleaned. 


DELETERIOUS  INGREDIENTS  IN  PAINTS. 
By  L.  S.  Hughes. 

In  considering  what  has  been  written  on  the  subject  of  paint 
materials  it  is  noticeable  that  little  effort  has  been  made  to  discover 
underlying  principles,  arguments  being  generally  based  on  exposure 
tests,  the  popularity  of  some  certain  ingredient  or  on  factor)'  expe- 
rience. This  pihng  up  of  unsystematized  and  unrelated  data  will 
do  ver}'  little  to  bring  about  an  understanding  of  the  subject. 
Ever}^  paint  maker  has  his  individual  preferences  as  to  paint  ingre- 
dients and  each  one  could  easily  arrange  a  catalogue  declaring  this 
pigment  good  and  that  one  bad,  but  there  would  be  little  corre- 
spondence between  the  different  Hsts.  As  the  opinions  of  the  men 
in  any  one  factory  are  generally  pretty  much  the  same,  I  am  inclined 
to  think  this  wide  variance  of  opinion  is  due,  not  to  careless  observa- 
tion, but  to  differences  in  behavior  of  the  same  paint  under  different 
conditions  of  climate  and  exposure.  Generalizations  cannot  be 
made  from  the  records  of  one  locality,  and  it  is  only  by  systematiz- 
ing results  from  a  large  number  of  places  that  the  essential  char- 
acteristics of  a  pigment  can  be  determined. 

Inasmuch  as  a  pigment  liable  to  change  upon  exposure  mani- 
festly affords  a  chance  for  greater  variation  in  final  conditions  than 
one  which  does  not  change,  it  is  not  surprising  that  the  greater 
weight  of  evidence  indicates  that  a  paint  made  from  chemically 
stable  pigments  behaves  more  consistently  than  one  made  with 
reactive  substances.  As  to  the  relative  wear  of  the  two  classes  of 
pigments  we  find  instructive  information  in  the  trend  of  iron  pro- 
tective coatings  in  which  the  tendency  is  more  and  more  to  seek 
chemically  inert  pigments.  This  subject  of  iron  protection  is  most 
important  in  considering  paint  composition  because  the  surface  is 
almost  ideal  for  a  just  comparison  of  different  paints. 

Another  point  which  seems  to  have  a  distinct  bearing  upon  the 
effect  of  stability  is  the  superiority  in  wear  of  dark-colored  over 
white  paints,  the  dark  paints  as  a  class  being  much  more  stable, 
chemically,  than  the  whites.     And  this  difference  in  wear  is  the 
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more  striking  when  we  consider  that  the  whites,  because  of  their 
reflecting  character,  are  largely  immune  from  the  effect  of  the  sun's 
rays. 

I  have  dwelt  at  some  length  upon  this  matter  of  chemical  sta- 
biUty  because  it  affords  a  logical  line  for  a  general  classification  into 
two  main  divisions  and  the  evidence  afforded  by  the  remarkable 
wear  of  lampblack,  graphite  and  other  absolutely  inert  substances, 
together  with  the  superiority  of  silica  over  whiting  when  used  in 
large  proportion,  is  a  practical  demonstration  of  the  validity  of  the 
old  rule:  "Oil  is  the  hfe  of  a  paint."  It  might  be  objected  that 
the  inertness  of  those  pigments  mentioned  extends  beyond  the 
possibility  of  reaction  with  the  oil  so  far  that  the  deduction  would 
be  better  if  drawn  from  less  extreme  premises,  but  it  should  be 
emphasized  here  that  no  pigment  can  undergo  change  within  the 
paint  coat  without  affecting  the  oil.  We  are  all,  I  think,  prone  to 
consider  the  oil  as  it  is  when  liquid,  but  in  the  coat  it  is  solid  and 
after  the  coat  has  weathered  it  is  brittle.  So,  excluding  all  refer- 
ence to  saponifying  action,  it  is  plain  that  a  carbonate  undergoing 
reaction  with  the  sulphur  dioxide  in  coal  smoke  or  with  hydrogen 
sulphide  will  evolve  a  gas  and  rupture  the  stiff  paint  film  above  the 
particle  of  pigment,  leaving  a  tiny  pit  or  a  hole.  In  like  fashion 
substances  which  change  chemically  without  evolution  of  gas  must, 
as  they  change  their  specific  gravity,  alter  in  bulk  and  lose  their 
intimate  contact  with  the  oil  walls  of  the  cells  surrounding  the 
particles. 

As  to  paints  which  form  soaps  or  otherwise  react  directly  with 
the  oil,  the  resultant  compounds  are  invariably  less  elastic  than 
a  naturally  dried  oil  film  and  they  are  necessarily  unstable,  the  oil 
acids  being  weak.  The  results  of  their  use  in  large  proportions  are 
made  apparent  by  minute  checking  and  flaking  of  the  coat.  A 
paint  made  with  linseed  oil  and  a  non-reactive  pigment  will  never 
do  either. 

Comparison  of  different  pigments  is  rendered  difficult  by 
their  ver}'  great  variation  in  fineness.  Other  things  being  equal, 
Mr.  Job  has  shown  that  wear  is  dependent  upon  fineness  for  paints 
containing  one  pigment  only,  but  paints  made  only  from  ultimately 
fine  substances  do  not  brush  properly  and  it  is  convenient  to  correct 
this  behavior  by  adding  about  ten  per  cent,  of  a  coarser  material, 
preferably  of  a  distinctly  crystalline  and  stable  nature.     Such  addi- 
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tions  have  no  apparent  harmful  influence;  indeed,  at  least  one  very 
valuable  pigment,  zinc  oxide,  is  greatly  improved  by  the  addition 
of  a  very  considerable  amount  of  coarse  material.  In  this  case  its 
functions  seem  to  be  those  of  crushed  stone  or  gravel  in  concrete. 
Coarse  pigment  alone  will  not  make  a  paint,  apparently,  because 
the  oil  and  pigment,  having  different  coefficients  of  expansion 
actually  tear  apart.  To  preserve  the  bond  between  them  the 
interstices  must  be  filled  with  incomparably  finer  pigment  which 
prevents  the  formation  of  these  centers  of  local  strain.  There 
seems  to  be  no  limit  to  the  degree  of  fineness  desirable;  the  finer 
the  better  for  the  obscuring  pigment,  provided  always,  it  is  not 
reactive.  For  the  coarser  parts,  there  is,  however,  a  maximum 
which  is  not  far  from  ^ro  of  an  inch. 

Solubility  in  water  is  a  third  line  of  differentiation.  Unlike 
some  investigators,  I  believe  that  an  appreciable  degree  of  solu- 
bility is  unqualifiedly  objectionable.  We  have  but  two  common 
paint  ingredients  of  this  kind,  gypsum  and  the  incidental  zinc 
sulphate  in  some  compound  paints. 

I  have  endeavored  briefly  to  point  out  those  characteristics 
which  seem  to  be  the  controlling  influences  in  pigment  wear,  and 
from  those  I  would  suggest  the  following  rule  for  estimating  the 
chance  for  deleterious  effect  from  a  certain  ingredient: 

The  wear  of  a  paint  depends  upon  the  fineness  and  chemical 
stability  of  its  predominant  pigment.  This  statement  is  made  in 
no  dogmatic  spirit.  Special  conditions  require  special  formulae. 
A  paint  may  give  perfect  satisfaction  in  one  locality  and  fail 
entirely  in  another,  but  I  submit  the  above  generalization  for  your 
criticism,  believing  that,  considering  all  conditions,  it  is  true. 

The  reactive  pigments  unquestionably  have  a  value,  but  their 
effect  when  used  in  amount  sufficient  to  render  their  influence  pre- 
dominant is  not,  in  my  opinion,  satisfactory. 

Lack  of  time  prevents  any  mention  of  oils.  Fortunately, 
there  is,  at  present,  no  great  difference  of  opinion  on  this  point. 

To  close,  I  do  not  regard  any  recognized  paint  material  as 
per  se  deleterious.  It  may  become  so  when  used  in  excess  of  its 
advantageous  proportion  and  just  what  that  proportion  is  varies 
with  the  nature  of  the  other  ingredients  and  with  their  amount. 


DISCUSSION. 


Mr.  F.  p.  Cheesman. — As  Mr.  Hughes  is  mainly  interested  Mr.  Cheesma 
in  the  pigments  entering  into  the  makeup  of  paints  it  seems  best 
that  I  should  confine  myself  largely  to  the  vehicles  used. 

While  linseed  oil  is  not  an  ideal  paint  vehicle,  it  is  still  the 
best  that  has  been  discovered,  but  a  mistake  is  sometimes  made  in 
specifying  the  use  of  boiled  hnseed  oil  instead  of  raw.  I  do  not 
favor  the  use  of  boiled  oil  under  any  conditions  as  it  does  not  give 
the  same  durability  as  raw  will  when  used  in  connection  with  a 
drier  selected  with  special  reference  to  the  pigment  or  pigments 
used. 

Louis  E.  Andes  states  in  his  book  on  Dr}-ing  Oils,  page  219, 
"Boiled  oil  made  in  the  cold,  whether  with  liquid  driers  or  with 
soluble  driers,  produces  a  somewhat  softer  coating  than  when  made 
by  heating,  but  gives  a  more  durable  coating  of  paint,  because 
there  has  been  no  decomposition  of  the  Unseed  oil,  such  as  takes 
place  by  heating  at  high  temperatures.  In  former  times,  when 
diflferent  views  were  held  in  regard  to  the  forrnation  of  boiled  oil 
and  the  dr}dng  process,  products  made  simply  by  mixing  with 
liquid  driers  were  not  regarded  as  boiled  oil,  for  in  the  preparation 
of  boiled  oil  higher  temperature  and  the  introduction  of  ox}'gen 
whether  by  the  action  of  air  or  the  reduction  of  added  metallic 
oxides  rich  in  oxygen,  are  absolutely  necessary.  This  opinion  is 
now  obsolete;  any  linseed  oil  made  active,  by  whatever  process, 
is  regarded  as  boiled  oil. " 

Please  do  not  forget  that  a  great  deal  depends  upon  the  kind  of 
drier  used.  A  paint  in  which  the  principle  pigment  is  oxide  of  iron 
requires  a  different  drier  from  a  carbon  pigment,  and  lead  or  zinc 
pigments  also  require  different  driers.  It  cannot  be  too  strongly 
emphasized  that  the  character  of  the  drier  and  the  amount  used 
has  a  great  influence  on  the  durability  of  the  paint.  If  we  could 
keep  the  paint  protected  until  dr}-  and  use  raw  linseed  oil  only,  we 
would  have  the  greatest  durability.  The  addition  of  any  form  of 
drier  to  linseed  oil  shortens  its  life,  but  the  conditions  that  we  are 
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Mr.  Cheesman.  compelled  to  work  under  make  it  a  necessary  evil  to  use  driers  in 
some-  form  and  the  technical  paint  maker  should  be  allowed  to  use 
raw  linseed  oil  as  a  base,  then  adding  such  driers  as  his  knowledge 
of  his  business  assures  him  are  the  best  to  use  in  connection  with 
the  pigments  and  the  character  of  the  work. 

One  dangerous  vehicle  used  in  some  paints  is  carbon  bisul- 
phide and  the  use  of  it  should  be  prohibited  under  heavy  penalty 
by  law,  as  it  is  a  deadly  poison  producing  when  inhaled  paralysis, 
idiocy  and  death.  A  case  recently  came  to  my  notice  where  eight 
painters  working  out  in  the  open  air  on  large  bridge  girders  were 
overcome  by  the  vapor  coming  from  a  certain  proprietary  paint 
used  by  them  and  it  was  over  a  week  before  they  could  resume 
work — had  they  been  working  in  a  confined  space  it  would  prob- 
ably have  caused  their  death.  I  quote  from  M.  P.  Wood  on  Rust- 
less Coatings,  page  no — "A  supposed  better  class  of  asphaltum 
paints  or  so-called  varnishes,  similar  to  the  'Maltha,'  'P.  and  B.,' 
and  other  trademark  designations,  are  freely  marketed  as  superior 
paint  products.  They  are  in  no  sense  varnishes,  but  simply  the 
above-mentioned  class  of  pigment  substances,  mixed  with  bisul- 
phide of  carbon,  benzine  and  other  uncertain  hydrocarbon  liquids 
and  oils,  the  latter  often  containing  more  rosin  oil  than  linseed  oil. 
They  are  not  compounded  by  heat,  as  all  true  varnishes  are.  They 
have  had  an  extended  trial  for  many  years  on  important  ferric 
structures — naval,  hydrauhc  and  other  work,  only  to  fail  after  a 
brief  exposure.  Wherever  placed  in  competition  with  other  carbon 
or  metallic-base  coatings  they  are  invariably  found  low  in  the 
column  of  merit.  As  a  rule  they  spread  easily  and  show  well  at 
first,  but  when  the  volatiles  have  evaporated,  especially  if  they  have 
been  subjected  to  a  moderate  heat  test,  140°  to  180°  F.,  they  become 
brittle,  turn  brown,  crumble  and  are  easily  removed.  The  appli- 
cation of  paints  containing  bisulphide  of  carbon  is  attended  with 
extreme  danger  from  fire,  even  on  external  exposures.  The  vapor 
of  bisulphide  is  very  explosive  at  low  temperature,  also  disastrously 
injurious  to  the  painters  or  others  breathing  it  during  the  appHca- 
tion  of  the  paint  in  any  confined  space  and  only  moderately  less  so 
in  the  open  air. " 

An  account  of  its  application  to  water-mains,  where  it  resuhed 
in  the  insanity  and  death  of  a  number  of  the  painters  and  workmen 
engaged  in  painting  and  laying  the  pipes,  also  in  the  utter  failure 
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of  the  coating  to  protect  the  same  pipes  from  corrosion,  is  given  in  Mr.  Cheesman. 

"Transactions   American    Society    Mechanical    Engineers,   Vol. 

XVI,  1895,  Paper  637.     Also  in  Engineering  News,  Feb.  7,  1895, 

and  April  4,  1895.     -^  further  demonstration  of  the  inferiority  of 

these  asphaltum  paints  in  competition  with  other  oil  paints  and 

black  varnishes  is  given  in  a  series  of  tests  made  by  Mr.  ^lax  Toltz, 

C.  E.     The  report  was  read  before  the  Society  of  Civil  Engineers, 

St.  Paul,  Minn.,  and  reported  in  the  Journal  of  the  Association  of 

Engineering  Societies,   1897.     It  was  also  briefly  referred  to  in 

"Transactions  American  Society  Mechanical   Engineers,"  ]May, 

1901.     It  seems  to  me  that  a  manufacturer  who  puts  a  product 

on  the  market  containing  a  deadly  poison  and  who  does  not  warn 

the  user  (by  labels  or  otherwise)  of  the  character  of  the  product 

and  its  deadly  effect  could  be  made  to  pay  hea^T  damages  without 

any  special  law  being  required. 

As  linseed  oil  is  now  the  cheapest  vegetable  oil  that  we  have, 
there  is  no  danger  at  this  time  of  its  being  adulterated  with  cotton- 
seed or  corn  oil.  The  mineral  oils  are  the  principal  reducers  of  cost 
to-day  and  if  they  would  use  only  benzine  in  moderate  quantities 
as  a  cheapener  the  results  would  not  be  so  bad  as  using  the  many 
substitutes  for  turpentine,  most  of  them  containing  kerosene. 
Turpentine  is,  of  course,  a  detriment  to  a  paint,  and  for  exterior 
exposure  should  only  be  used  in  the  drier  and  between  using  a 
drier  made  of  pure  turpentine  and  rosin  gums  and  one  made  from 
benzine  and  straight  Kauri  gum,  I  would  for  the  sake  of  durability 
select  the  benzine  drier.  Water  is  out  of  place  in  a  paint  where 
durability  is  desired  and  any  paint  containing  more  than  2  per  cent, 
of  water  should  be  rejected. 

The  old  saying  "That  one  man's  meat  is  another  man's 
poison"  is  especially  true  as  applied  to  paints,  as  the  pigments 
used  in  oae  location  with  good  results  may  become  deleterious 
ingredients  when  used  in  another  locality  or  for  a  different  class  of 
work,  as  for  instance — 50  per  cent,  of  zinc  or  even  more  mav  be 
used  with  good  results  along  the  sea  coast,  but  in  the  interior  it  will 
very  probably  crack  the  paint  and  cause  peeling.  In  this  connec- 
tion, while  I  am  on  the  subject  of  zinc  it  might  be  well  to  mention  a 
fact  which  is  not  very  well  known  and  that  is  that  zinc  when  made 
direct  from  the  ore  (as  most  of  the  zinc  is  in  the  United  States)  and 
used  straight  in  a  paint  it  will  as  a  rule  chalk,  but  the  same  zinc 
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Mr.  Cheesman.  uscd  ill  iiot  cxccssive  proportions  in  combination  with  lead  and 
other  pigments  will  not  chalk. 

The  paint  maker  who  manufactures  his  paint  on  one  formula 
for  use  over  the  entire  country  or  to  spread  over  the  entire  earth, 
labors  at  a  great  disadvantage  as  compared  with  the  technical 
paintmaker,  who  manufactures  each  particular  lot  of  paint  to  suit 
special  wants,  as  it  is  impossible  to  use  one  formula  successfully 
when  the  paint  is  apphed  under  varying  conditions.  Hence  a  par- 
ticular brand  of  ready  mixed  paint  that  wears  well  in  New  York 
City  and  vicinity  on  account  of  the  large  percentage  of  zinc  in  it, 
has  been  known  to  give  poor  results  when  used  for  instance  in  Bing- 
hamton,  N.  Y.,  the  paint  in  that  climate  cracking  and  peeling  badly. 

In  conclusion  I  might  state  that  there  are,  however,  two 
ingredients  that  can  always  be  used  successfully  in  paint,  wherever 
applied,  but  frequently,  alas,  they  are  forgotten  in  the  specifica- 
tions, and  those  two  ingredients  are  brains  and  experience.  If  the 
engineer,  architect  or  chemist  in  preparing  his  specifications 
would  occasionally  take  council  with  the  experienced  paint  doctor, 
their  paint  specifications  would  not  look  as  ridiculous  as  they  fre- 
quently do  to  the  paint  maker,  and  I  desire  to  extend  my  thanks  to 
such  men  as  Dr.  Dudley  who  invite  criticism  and  suggestions  from 
paint  makers  before  they  adopt  a  paint  specification. 

Sometime  ago  we  were  asked  to  bid  by  a  large  freight  car 
manufacturing  concern  on  their  paint  specification  for  a  black 
paint.  The  printed  specification  called  for  the  use  of  85  pounds 
lamp  black  with  15  pounds  linseed  oil  to  make  a  ready  mixed  paint. 
In  bidding  we  called  their  attention  to  what  we  thought  must  be  a 
typographical  error  and  bid  on  15  pounds  lamp  black  and  85 
pounds  linseed  oil.  We  were  told  to  bid  as  per  specification,  that 
they  had  been  using  this  specification  for  over  two  years  and  we 
were  the  first  that  presumed  to  question  the  paint  knowledge  of 
their  chief  engineer.  We  finally  convinced  them  that  possibly  we 
did  know  something  about  the  manufacturing  of  paints  by  proving 
that  a  flour  barrel  would  hold  about  50  pounds  of  dry  lamp  black 
and  that  15  pounds  of  linseed  oil  was  just  two  gallons,  and  by 
taking  that  quantity  of  linseed  oil  you  could  hardly  sprinkle  85 
pounds  lamp  black  much  less  reduce  it  to  a  liquid  paint.  They 
changed  their  specification  but  we  have  not  as  yet  received  any 
thanks  from  their  board  of  directors. 
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There  is  a  constant  advance  being  made  in  the  science  of  paint  Mr  Cheesman. 
and  varnish  making,  and  while  the  paint  maker  may  not  be  as  good 
as  he  thinks  he  is,  neither  is  he  as  bad  as  many  of  the  laymen  here 
thinks  he  is.  For  instance — rosin  gum  varnishes  made  to-day  with 
Chinese  wood  oil  are  as  durable  as  were  many  grades  of  Kauri  gum 
varnishes  five  years  ago  when  we  did  not  know  the  value  of  wood 
oil  in  connection  with  rosin. 

There  is  one  pigment  I  would  suggest  that  you  keep  out  of 
your  specifications,  and  that  is  ochre,  as  I  have  yet  to  see  a  durable 
piiint  made  with  ochre  as  the  principal  pigment,  and  as  far  as  pos- 
sible use  pigments  that  have  been  purified  and  rendered  largely 
inert  by  a  heat  treatment. 

ISIr.  G.  W.  Thompson. — Mr.  Chairman,  I  should  like  very  Mr.  Thompson, 
much  to  discuss  this  paper  in  detail ;  and  it  is  with  the  strongest 
effort  on  my  part  that  I  am  restrained,  because  there  are  so  many 
points  in  it  that  to  do  justice  to  them  would  take  up  more  time 
than  I  think  this  occasion  permits.  I  want,  however,  to  refer  to 
one  particular  point  in  the  paper,  and  that  is  the  reference  to  the 
question  of  inert  pigments  in  protective  coatings.  Now  we  have 
heard  the  term  inert  pigment  used  a  great  deal,  and  yet  unfor- 
tunately it  has  been  used  ver}^  loosely.  And  without  any  desire 
to  criticize  Mr.  Hughes,  I  think  a\Ir.  Hughes  has  used  the  term 
inert  pigment  loosely;  because  a  pigment  may  be  inert  chemically 
and  active  electrolytically.  We  listened  last  night  to  an  exceedingly 
interesting  paper  on  the  corrosion  of  iron  and  we  have  had 
another  interesting  talk  this  morning  on  the  same  subject,  and  we 
have  heard  that  mill-scale  is  a  deleterious  substance  to  have  on 
iron  because  it  is  active  electrolytically,  and  yet  mill-scale  itself 
is  quite  inert  chemically.  Now  I  simply  w-ant  to  add  to  this  a 
further  suggestion  for  Mr.  Cushman  and  ]\Ir.  Walker  and  to  others 
who  are  investigating  the  corrosion  of  iron,  that  they  make  experi- 
ments to  discover  the  relative  electrolytic  activitv  of  various 
pigments  in  relation  to  iron.  While  I  do  not  wish  to  give  any 
positive  results  here  to-day,  I  wish  to  speak  of  certain  experiments 
which  I  have  recently  had  made.  A  series  of  bottles,  all  of  the 
same  size,  wxre  arranged  with  tu^o-hole  stoppers  so  that  a  current 
of  air  could  be  dra^Mi  rapidly  through  the  whole  series,  with  glass 
tubes  connecting  one  bottle  to  the  next  bottle  in  the  series,  and 
one  end  of  each  glass  tube  miming  down  to  the  bottom  of  the  liquid 
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Mr.  Thompson,  which  was  subsequently  placed  in  these  bottles  so  as  to  produce 
the  greatest  amount  of  agitation.     The  air  being  drawn  through 
the  upper  end  of  the  tube  was  forced  up  through  the  liquid.     Then 
I  placed  in  each  bottle  go  cubic  centimeters  of  distilled  water,  also 
a  piece  of  steel  of  standard  size  cut  from  a  standard  piece  of  sheet 
steel,  carefully  cleaned  as  could  be  without  roughing  up  the  sur- 
face.    I  ran  two  blanks,  one  at  each  end  of  the  series,  that  is 
with  water  alone  and  no  pigment.     Then  in  these  bottles,  in  addi- 
tion to  the  piece  of  steel,  were  placed  quantities  of  pigments  corres- 
ponding to  5  cubic  centimeters;  that  is  to  say,  an  amount  was 
taken  equal  to  5  grams  multiplied  by  the  specific  gravity  of  the 
pigment,  so  that  we  had  practically  5  cubic  centimeters  of  pigment. 
The  bottles  were  then  connected  with  an  aspirator  and  the   air 
drawn  through.     The  air  was  drawn  through  so  rapidly  that  it 
was  believed  that  each  bottle  would  receive  practically  the  same 
charge  of  air  and  the  carbonic  acid  gas  contained  therein.     After 
twenty-six  hours  these  pieces  of  steel  were  taken  out  and  as  care- 
fully cleaned  by  rubbing  with  the  fingers  and  muslin  as  could  be 
done  to  remove  the  pigments  and  to  remove  any  rust  that  might 
have  been  formed,  and  then  they  were,  dried  and  weighed  and  the 
percentage  of  loss  was  noted.     I  will  give  you  this  much  in  the 
way  of  figures:  the  percentage  loss  of  blank  No.   i  was  1. 12  per 
cent.;  of  blank  No.  2,  at  the  other  end  of  the  series,  was  1.07  per 
cent. — practically  identical.     The  remarkable  thing  appears  to  be 
that  some  of  the  pigments  had  inhibited  the  oxidation;    because, 
without   referring  to  the  pigments — this    is    a  matter  of  experi- 
ment,   and  I  do  not  wish  to   offer  this  as  in  any  sense   final — 
with  one  pigment  the  percentage  of  loss  was  0.29  per  cent,  in  one 
test;  and  in  another,  0.37  per  cent.,  showing  a  large  inhibition.     On 
the  other  hand,  with  one  pigment,  there  was  a  loss  of  two  per  cent. 
— an  increase  of  nearly  one  hundred  per  cent,  as  compared  with  the 
loss  with   simply  water  and  jar.     With  certain   other  pigments 
the  figures  obtained  were  practically  identical  with  the  loss  which 
came  from  the  simple  action  of  the  air  and  the  water  alone.     Now 
it  reverts  back  to  the  proposition  which  occurred  in  Mr.  Hughes' 
paper,  which  I  contend  involved  a  loose  expression,  that  there 
may  be  some  pigments  which  may  be  active  chemically,  as  we 
consider  them,    and   yet  be   inactive   electrolytically.     So,   there 
may  be  some  pigments  which  are  inactive  chemically  and  active 
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electrolytically.  And  I  would  suggest  that  the  committee  on  the  Mr.  Thompson, 
corrosion  of  iron  investigate  this  matter  and  see  whether  they 
cannot,  with  the  facilities  that  they  have  in  their  possession,  find 
out  which  pigments  are  active  electrolytically  and  whether  pos- 
sibly there  may  not  be  some  pigments  that  act  very  much  like 
chromic  acid  and  nitric  acid  gas,  which  produce  an  inert  condi- 
tion on  the  surface  of  metal. 

]Mr.  a.  S.  Cushman. — May  I  contribute  a  few  words  more.  Mr.  Cushman. 
No  one  has  said  anything  about  the  iron  that  is  to  be  covered  with 
paint.  Mr.  Hughes  stated  in  his  paper  that  iron  was  a  ver}'  good 
substance  to  test  paints  on.  If  a  bad  iron  is  to  be  compared  with 
a  good  iron  there  is  another  complexity  that  arises,  besides  those 
which  have  been  mentioned  such  as  changes  of  climate  and 
locality.  It  seeems  to  me,  however,  that  Committee  E  should  pay 
special  attention  to  the  quality  of  the  metal  painted  before  they 
form  a  judgment  upon  the  results  obtained  in  the  tests.  If  it  is 
found  that  one  paint  has  failed  under  water  and  the  paint  is 
condemned  on  that  account,  the  fault  may  not  after  all  have  been 
in  the  paint  but  in  the  particular  sheet  that  the  paint  was  spread 
on.  I  have  seen  sheets  that  have  come  off  the  same  pile,  made  of 
the  same  metal,  w^hich  were  undoubtedly  different  in  their  rust 
resisting  character.  Now  all  paints  probably  let  water  and  oxygen 
through  to  a  greater  or  less  extent.  If  the  plates  or  sheets  that 
have  been  covered  vary  in  their  rust  resisting  quality,  it  is  not 
necessarily  a  question  of  the  paint,  it  may  be  the  metal  which  is 
at  fault. 

Mr.  Thompson. — In  these  plate  tests  there  were  nine  tests,  Mt.  Thompson. 
a  different  plate  being  taken  for  each  test,  the  idea  being  that 
though  having  a  number  of  plates  we  would  in  that  way  have  an 
average  in  the  case  of  each  paint. 

Mr.  S.  S.  Voorhees. — In  reply  to  Mr.  Cushman's  remarks,  Mr.  Voorhees. 
there  has  been  a  great  deal  brought  out  at  this  meeting  which  we 
had  in  a  measure  realized,  but  it  has  been  more  thoroughly  cr\-s- 
tallized.  One  point  Mr.  Cushman  made  in  regard  to  these  plate 
tests,  the  immersion  in  water.  He  is  mistaken  there.  They 
are  not  immersed  in  water  but  exposed  to  the  air,  though  the 
conditions  of  electric  action  exist  undoubtedly,  even  in  the  atmos- 
phere. As  Mr.  Thompson  has  brought  out,  each  paint  has  been 
applied  to  nine  different  panels.    The  average  effect  of  electrolytic 
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Mr.  Voorhees  action  on  tlicsc  nine  different  ])latcs  will  be  investigated  along  the 
lines  which  have  been  suggested.  These  three  methods  of  de- 
termining electrolytic  action  will  enable  us  to  take  account  of  this 
point.  The  area  of  the  sheets,  however,  is  so  large,  that  segrega- 
tion can  readily  exist  on  nine  square  feet  of  surface  to  a  marked 
degree.  It  is  probable  that  the  whole  surface  will  not  be  affected 
alike.  The  further  we  go  the  more  the  papers  presented  here  to-day 
seem  to  emphasize  the  value  of  the  tests  which  we  have  started. 
The  many  conditions  which  have  been  tabulated  carefully  and 
accurately  will  give,  as  they  are  followed,  information  which 
will,  I  feel,  be  of  much  value.  The  point  that  Mr.  Cheesman 
brought  out  on  the  preparation  of  surfaces  has  been  noted.  The 
method  of  applying  has  been  noted.  In  fact,  as  stated  in  the 
report,  it  seems  as  if  there  has  been  a  great  deal  more  brought  out 
of  this  series  of  tests  than  was  originally  planned. 

Mr.  McNaughton.  Mr.  Malcolm  McNaughton. — One  reason,  perhaps,  for  the 

lack  of  durability  of  linseed  oil  coats  not  touched  upon  in  the  paper 
is  the  fact  that  linseed  oil  is  spread  out  anywhere  from  three  to  four 
thousand  square  feet  per  gallon,  as  against  three  to  six  hundred 
square  feet  for  pigment  paints. 

Mr.  Wickhorst.  Mr.  M.  H.  Wickhorst. — As  I  look  at  the  matter  it  is  mostly 

a  question  of  thickness  of  coating.  If  we  put  on  one  coat  of  linseed 
oil  and  then  two  coats  of  paint  we  haven't  as  thick  a  coating  as  if 
we  put  on  one  coat  of  paint  and  then  two  more  coats  of  paint. 
I  might  go  back  to  an  experience  of  painting  engine  tanks.  The 
C.,  B.  &  Q.  Railroad  during  the  hard  times  of  1894  wanted  to  save 
money ;  and  one  way  they  did  it  during  that  time  was  to  cut  down 
the  extra  coating  that  had  been  applied  on  the  engine  tanks.  It 
was  reduced  to  about  three-coat  work  on  new  metal.  It  was 
noticed  that  those  tanks  rusted  very  badly  in  about  a  year,  except 
that  the  letters  remained  in  good  shape;  but  it  so  happened  that 
those  letters  had  two  extra  coats.  I  have  samples  of  sign  boards 
where  there  is  a  white  background  and  black  letters,  where  the 
background  is  all  gone  and  the  lettering  only  remains.  On  other 
boards  the  material  has  been  reversed  and  we  have  a  black  back- 
ground and  white  lettering.  The  letters  in  all  cases  remain  in 
good  shape.  There  is  a  certain  minimum  thickness  of  good 
durable  material  that  is  necessar\'  to  withstand  the  action  of  the 
atmosphere,  moisture  and  light.     Assuming  the  vehicle  to  consist 
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mostly  of  pure  linseed  oil  it  looks  to  me  to  be  rather  a  matter  of  Mr.  Wkkhorst. 
thickness  of  material  applied  than  whether  it  is  linseed  oil  or  paint. 

Mr.  William  Marshall. — Mr.  Cheesman  in  his  remarks  Mr.  Marshall. 
frequently  used  the  words  "boiled  oil."  Those  of  us  who  are 
more  or  less  familiar  with  that  subject  know  that  there  are  boiled 
oils  and  boiled  oils.  And  I  presume  that  a  great  deal  of  trouble 
comes  from  the  difference  in  the  treatment  of  oil  in  making  it  into 
boiled  oil.  Nearly  every  oil  boiler  has  a  different  method,  a 
different  preparation  of  driers,  and  different  kinds  of  driers. 
But  I  think  perhaps  the  greatest  difficulty  in  applying  oil  to  metal 
is  the  difference  between  applying  it  to  wood  or  metal.  When  you 
apply  a  priming  coat  to  wood,  the  wood  immediately  absorbs  it 
and  it  clings  to  it.  When  you  apply  a  priming  coat  of  oil  to  iron, 
there  is  hardly  any  power  of  absorption  or  clinging.  I  have  given 
considerable  thought  to  this  and  spoke  of  it  at  one  time  in  the 
New  York  Railroad  Club.  I  also  had  correspondence  with  some 
of  the  Pennsylvania  Railroad  officials  suggesting  that  where  parts 
can  be  assembled — there  is  a  great  difficulty  in  getting  my  theory 
applied  to  bridge  work  or  any  large  work — to  subject  them  to  any 
degree  of  heat  over  212°  F.  before  applying  the  priming  coat  of  oil. 
I  believe  that  oil  with  no  driers  in  this  case  would  be  better,  because 
if  the  heat  could  be  prolonged  the  heat  would  dry  the  oil  better  than 
the  oxides  put  into  the  oil  to  make  it  dry ;  but  if  either  raw  or  boiled 
linseed  oil  is  applied  w^hen  the  pores  of  the  metal  are  open  so  that 
the  oil  enters  into  and  permeates  the  whole  of  the  surface  it  is  then 
ready  for  subsequent  coats  of  paint  and  will  hold  up  the  same  as 
well  as  wood.  I  believe  this  would  solve  to  a  large  extent  the 
problem  of  iron  coriosion. 

AIr.  G.  B.  Heckel. — I  w^ant  to  say  one  or  two  words,  not  Mr.  HeckeL 
by  way  of  criticism,  but  to  call  the  attention  of  the  members  here 
to  one  important  fact.  IMention  was  made  in  Mr.  Cheesman's 
paper  of  the  deteriorating  quality  of  Hnseed  oil  due  to  exhaustion 
of  the  soil,  etc.  According  to  the  authorities  of  the  North  Dakota 
Agricultural  Station,  some  of  w^hom  have  been  making  extensive 
experiments  in  this  line,  I  learn  that  the  deterioration  both  in  the 
seed  and  the  crop  is  due  to  a  disease,  and  they  have  succeeded  in 
immunizing  the  seed  and  planting  in  exhausted  soil  and  raising 
again  an  increased  crop  of  good  seed.  I  think  that  is  a  fact  worth 
noting:  here. 
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Mr.  Skinner.  AIr.  C.  E.  Skinner. — The  fineness  of  the  pigment  has  been 

referred  to,  and  1  would  just  like  to  mention  that  recently  two 
materials  ha\'e  been  brought  to  my  attention  which  are  of  exceed- 
ing fineness,  and  one  of  them  is  under  investigation  with  the 
object  in  view  of  using  it  as  a  pigment;  I  have  not  heard  whether 
the  other  is  to  be  tried  as  a  pigment  or  not.  They  are  both  electric 
furnace  products.  One  is  deflocculated  graphite,  a  paper  concern- 
ing which  will  be  read  at  the  American  Institute  of  Electrical  En- 
gineers this  coming  week  at  Niagara  Falls.  This  material  is  so 
fine  that  when  in  solution  it  passes  readily  through  filter  paper. 
If  the  fineness  of  the  pigment  is  an  item,  that  should  prove  a  good 
material.  The  other  is  monoxide  of  silicon,  which  is  also  of 
exceeding  fineness  and  has  in  a  very  marked  degree  the  property 
of  opaqueness,  although  it  is  of  a  rather  light  color. 

Mr.  Job.  Mr.  Robert  Job  (by  letter). — The  statement  has  been  made 

that  yellow  ochre  makes  poor  wearing  paint.  From  my  experience 
this  has  not  been  the  case,  for  one  paint  containing  a  yellow 
ochre  base  in  general  service  upon  bridges  during  a  period  of 
about  ten  years  had  the  reputation  of  being  the  most  durable 
paint  ever  used  upon  the  lines  for  that  purpose.  Other  instances 
of  the  same  nature  also  might  be  cited.  In  these  instances  the 
oil  was  pure  linseed  with  a  small  proportion  of  Japan  drier. 


THE  PHYSICAL  TESTING  OF  OIL  VARNISHES. 
By  J.  Cruickshank  Smith. 

There  has  been  a  noteworthy  increase  during  recent  years 
in  the  attention  devoted  by  technical  chemists  and  testing  engi- 
neers to  the  physical  or  mechanical  properties  of  paints,  varnishes 
and  other  protective  materials.  This  is  largely  due  to  the  growing 
appreciation  of  the  fact  that  in  actual  service  and  imder  the  con- 
ditions of  prolonged  exposure  to  the  atmosphere,  moisture,  etc.,  the 
durability  or  life  of  protective  coatings  depends  as  much  on 
physical  laws  as  on  chemical  ones,  and  further  that  the  physical 
state  or  condition  of  the  coatings  has  an  important  bearing  on 
their  liabihty  or  the  reverse  to  chemical  intiuences  both  external 
and  internal. 

So  far  as  one  is  able  to  gather,  investigations  and  researches 
into  the  testing  and  valuation  of  oil  varnishes  liave  in  the  past 
been  of  a  very  meagre  description.  Search  through  the  scientific 
and  technical  hterature  of  the  last  ten  years  has  failed  to  unearth 
anything  of  definite  practical  utility  in  this  direction,  which  is  the 
more  to  be  wondered  at  when  one  considers  the  considerable 
technical  importance  of  oil  varnishes  and  the  frequent  necessity 
for  determining  their  intrinsic  value  either  as  decorative  agents  or 
as  protective  materials. 

There  are  many  persons  who  look  upon  chemical  analysis 
with  feelings  of  greater  veneration  than  the  occasion  always 
warrants.  Regarded  from  the  point  of  view  of  technical  valuation 
or  testing,  analysis  is  only  a  means  to  an  end,  that  end  being  to 
enable  the  analyst  to  form  an  opinion  as  to  whether  the  material 
under  examination  is  likely  to  behave  satisfactorily  in  use.  Analy- 
sis, however,  only  tells  what  a  substance  consists  of  or  whg,t  a 
material  contains,  and  it  is  a  well  kno^vn  fact  that  so  far  as  oil 
varnishes  are  concerned  we  may  learn  from  the  chemist  how  much 
oil,  how  much  turpentine,  how  much  gum  a  given  varnish  con- 
tains, we  may  even  learn  from  him  whether  the  gum  consists  of 
anime  or  kauri  or  rosin,  and  yet  we  may  be  quite  imable  even  with 
this  knowledge  to  form  any  reliable  opinion  on  the  subject  of  the 
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wearing  properties  of  the  varnish  in  question.  It  must  not  be 
imagined  that  I  cast  any  shght  on  the  analytical  chemist  in  the 
matter  of  testing  materials.  I  am  very  far  from  doing  so.  My 
point  is  that  it  is  not  always  composition  that  determines  the 
technical  value  of  an  article.  Other  factors  besides  composition 
come  into  play  and  it  is  the  determination  and  if  need  be  the 
measurement  of  these  factors  which  I  include  in  the  expression 
testing. 

It  has  fallen  to  my  lot  during  the  last  half  dozen  years  or  so 
to  examine  with  some  degree  of  care  samples  of  oil  varnishes 
representing  many  thousand  gallons  of  the  standard  manufactures 
of  the  leading  British  makers,  and  it  has  frequently  occurred  to 
me  how  valuable  it  would  be  to  the  user  or  purchaser  of  large 
quantities  of  varnish  if  he  were  in  a  position  to  form  a  fairly  re- 
hable  judgment  as  to  the  quality  and  wearing  capacity  of  a  given 
sample  without  having  to  await  the  result  of  some  long  exposure 
test.  Consequently  I  have  made  a  practice  of  applying  a  series 
of  physical  tests  to  such  samples  of  oil  varnish  as  came  under  my 
notice,  and  having  tabulated  the  results  somewhat  carefully  I 
have  pleasure  in  making  these  public,  in  the  hope  that  the  facts 
I  state  may  prove  useful  and  suggestive,  and  may  form  the 
starting  point  for  other  observers  who  may  be  able  to  augment 
what  I  feel  to  be  merely  an  initial  and  more  or  less  pioneer 
investigation. 

There  is  an  objection  to  chemical  tests  as  the  sole  means  of 
determining  the  value  of  oil  varnishes  which  may  be  pointed  out. 
It  is  that  varnish  manufacturing  practice  is  not  nowadays  the  simple 
guileless  process  it  was  in  "the  good  old  days."  Unhappily 
science  holds  out  helping  hands  both  to  the  just  and  to  the  unjust, 
and  it  sometimes  happens  that  the  latter  class  are  less  disinclined 
to  refuse  the  proffered  aid  than  the  former.  Processes  are  in 
existence  for  hardening  rosin  and  for  enabling  compounds  of  lime 
and  other  metallic  bases  with  rosin  to  be  incorporated  in  oil 
varnishes.  Such  methods  may  be  bad  or  they  may  not,  but  they 
increase  enormously  the  difficulty  of  the  consultant  who  is  com- 
pelled with  only  chemical  data  at  his  disposal  to  form  an  opinion 
on  the  suitabiHty  or  durabiUty  of  a  particular  varnish  for  a  particu- 
lar piece  of  work. 

Therefore  it  is  that  the  tendency  appears  to  work  along 
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the  lines  of  physical  tests.  These  tests  may  be  roughly  divided 
into  two  groups.  The  first  group  includes  those  tests  of  a  strictly 
scientific  nature,  such  as  the  determination  of  specific  gravity, 
viscosity,  optical  activity,  solubility  constants  and  the  like  {vide 
A.  Tixier's  "Studies  on  Varnishes-,"  Moniteiir  Scientifique,  1904). 
It  has  also  been  sought  to  measure  the  hardness  and  toughness  of 
varnish  films  in  terms  of  some  definite  standard.  Quite  recently 
Professor  Baily  and  Dr.  A.  P.  Laurie,  of  Edinburgh,  read  a 
communication  before  the  Royal  Scottish  Society  of  Arts  on  a 
physical  method  of  testing  varnishes,  the  object  of  which  is  to 
reduce  to  a  definite  standard  the  qualities  of  hardness  and  tough- 
ness. Professor  Baily  and  Dr.  Laurie  have  devised  an  apparatus 
which  they  claim  attains  this  object.  The  apparatus  consists  of  a 
blunt  steel  point  ground  to  a  certain  radius,  upon  which  various 
pressures  can  be  put  by  means  of  a  spiral  spring.  The  varnish  to 
be  tested  is  painted  on  glass,  and  is  allowed  to  drv\  The  steel 
point  is  drawn  along  the  glass,  and  the  pressure  increased  until 
the  surface  of  the  vamish  is  film  scratched.  As  the  pressure  is 
kno'SMi,  a  measure  of  the  hardness  and  toughness  of  the  varnish 
film  is  obtained.  The  criticism  one  is  inchned  to  pass  on  Baily 
and  Laurie's  method  is  that  it  would  appear  to  be  essential,  in 
order  to  obtain  concordant  results  by  the  method  outhned  above, 
that  some  standard  method  of  obtaining  the  dry  varnish  film  should 
be  adopted,  as  it  is  well  known  that  samples  of  the  same  vamish  do 
not  dry  uniformly  imder  varying  conditions,  and  unless  errors  due 
to  variations  in  time,  temperature  and  humidity  are  eliminated  it  is 
difficult  to  see  how  the  results  obtained  by  this  method  can  be  of 
real  practical  utiUty  for  the  valuation  of  varnishes. 

The  second  group  of  physical  tests  includes  those  which  are 
based  on  the  theor}-  that  the  capacity  of  vamisli  iilms  to  resist  the 
influences  they  may  be  expected  to  undergo  in  actual  uSe  over  a  con- 
siderable period  of  time  can  be  estimated  with  fair  accuracy  by 
exposing  the  films  to  severe  but  rigidly  controlled  conditions 
for  a  short  period  of  time  and  then  examining  their  physical 
condition. 

Dr}'ing  tests  for  varnishes  are  frequently  very  misleading  on 
account  of  the  conditions  var}ing,  therefore  in  the  three  series  of 
dr}'ing  tests  to  be  described  the  utmost  care  was  taken  to  ensure  as 
far  as  possible  uniformity  in  the  drying  conditions. 
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A. — Natural  Drying  Test. 

This  test  is  undertaken  in  order  to  determine  the  rate  of  dry- 
ing of  the  varnish  under  normal  conditions  and  the  conditions  of 
the  varnish  film  after  drying.  Dr}'ing  under  normal  conditions 
with  free  access  of  air  is  by  no  means  easy  to  ensure,  as  a  very 
little  consideration  will  show.  The  time  of  drying  can  be  regu- 
lated. The  temperature  can  be  regulated.  But  it  is  a  more  diffi-, 
cult  mitter  to  ensure  imiformity  as  regards  the  dr}'ncss  or  humidity 
of  the  atmosphere.  Numerous  experiments  have  proved  con- 
clusively that  this  question  of  humidity  of  the  atmosphere  is  at  the 
root  of  many  of  the  abnormalities  met  with  in  the  dr}^ing  of  a 
varnish.  The  so-called  drying  of  a  varnish  depends  partly  on  the 
evaporation  of  the  solvent  in  the  varnish  and  partly  on  the  oxidizing 
action  of  the  air.  The  presence  of  moisture  in  the  air  at  once 
interferes  both  with  the  evaporation  of  the  turj^entine  and  the 
oxidation  of  the  oil.  All  free  drying  tests  should  therefore  be  con- 
ducted in  a  dr\^  airy  chamber  which  can  be  maintained  at  a  tem- 
perature of  55°-6o'^  F. 

The  varnish  is  poured  on  a  clean  dry  glass  sHp  2x6  inches  in 
sufficient  quantity  to  cover  three-quarters  of  the  slip.  The  various 
slips  are  then  stood  vertically  upright  for  five  minutes  in  order  that 
excess  of  varnish  may  drain  ofT.  Any  drops  that  adhere  to  the 
edges  are  carefully  removed  with  blotting  paper  and  the  slips  are 
then  placed  on  racks  inclined  at  an  angle  of  10°  from  the  horizontal. 
The  temperature  is  maintained  at  as  near  60°  F.  as  possible,  not 
more  than  2°  variation  either  way  being  permissible,  for  24  hours. 
No  ordinary  oak,  copal  or  carriage  varnish  of  good  quality  will  be 
sensibly  tacky  to  the  touch  after  12  or  14  hours.  Twelve  hours 
miy  be  regarded  as  a  satisfactor}-  hmit  for  house  painters'  varnishes 
and  eighteen  hours  for  coach  painters'  and  extra  pale  varnishes. 
After  drying,  the  films  should  be  transparent,  free  from  specks, 
lustrous  and  hard,  yet  elastic.  Out  of  a  series  of  124  varnish 
samples  examined,  21  were  rejected  as  not  satisfactorily  passing 
this  test.  Of  the  21  ten  were  rejected  for  obvious  faults  such  as  lack 
of  lustre,  liability  to  bloom,  etc.;  the  remaining  11  were  subjected 
toexposure  tests  with  the  result  that  9  proved  unsatisfactor}-,  while 
two  were  satisfactor\\  The  balance  of  evidence  then  in  regard  to 
this  test  goes  to  show  that  a  varnish  which  does  not  comply  with  the 
requirements  of  the  test  will  most  probably  be  unsatisfactor}^  in  use. 
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B. — Forced  Drying  Test. 

The  question  has  been  discussed  whether  in  the  case  of  oil 
varnishes  the  resuhs  of  a  short  exposure  under  extreme  conditions 
can  be  utihzed  in  order  to  give  information  as  to  the  probable 
results  of  prolonged  exposure  under  ordinar}'  conditions.  The 
results  of  many  experiments  appear  to  indicate  that  in  a  general 
way  they  cm. 

The  test  samples  are  poured  on  to  glass  sHps  as  in  A,  and  the 
slips  are  drained  vertically  for  five  minutes.  They  are  then  heated 
for  24  hours  in  a  hot-air  chamber,  through  which  circulates  a  steady 
stream  of  pure  dry  air  maintained  at  100°  C.  It  is  surprising  how 
this  test  separates  varnishes  of  ditTcrent  quality,  and  a  close  relation 
appears  to  exist  between  durability  and  capacity  to  stand  this  test. 
In  applying  this  test  it  is  well  to  always  employ  two  or  three  control 
samples.  Thus  one  ought  to  conduct  four  duplicate  experiments 
with  the  same  varnish.  If  three  concordant  results  are  obtained 
they  may  be  taken  as  correct,  but  if  less  than  75  per  cent,  of  the 
samples  emerge  successfully  from  the  ordeal  either  they  must  be 
condemned  or  the  test  must  be  repeated.  The  result  that  one 
looks  for  in  a  varnish  film  after  exposure  to  this  test,  is  a  hard,  dry, 
transparent  and  tough  film,  free  from  cracks,  and  coming  off  in 
ribbon-like  scales  when  scraped  with  a  steel  point.  Powdering 
under  the  tool  is  a  fault,  so  is  too  soft  a  result.  Fissures  and  cracks 
should  be  carefully  looked  for,  not  only  with  the  naked  eye  but  under 
a  hand  lens  or  low  power  microscope.  The  following  are  the  tabu- 
lated results  of  experiments,  extending  over  a  period  of  five  years: 

1.  Fifty-three  sets  of  4  samples  each  of  oak  varnish  yielded 
39  results  in  which  the  test  was  satisfactor}^  for  at  least  three 
of  the  four  samples.  Exposure  tests  on  these  39  samples 
proved  that  32  were  reasonably  durable;  4  were  doubtful 
(exhibiting  after  exposure  certain  slight  faults) ;  3  proved 
unsatisfactory  on  exposure.  Each  of  the  53  samples  had 
already  passed  test  A  satisfactorily. 

2.  Twenty-seven  sets  of  4  samples  each  of  copal  oak  varnish 
yielded  19  results  in  which  the  test  was  satisfactory  for 
at  least  three  of  the  four  samples.  Exposure  tests  on 
these  19  samples  resulted  in  17  proving  satisfactor}'  and 
2  unsatisfactory. 
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3.  Thirty-four  sets  of  experiments  with  copal,  carriage  and 
body  varnishes  yielded  similar  results,  only  4  per  cent  of 
those  samples  that  passed  the  test  proving  unsatisfactory 
in  an  exposure  test. 

It  is  noteworthy  that  89  per  cent,  of  the  samples  rejected  by 
this  test  proved  unsatisfactor}-  in  exposure  tests.  We  are,  therefore, 
justified  in  concluding  that  the  forced  dr}ing  test  will,  if  conducted 
under  properly  controlled  conditions,  give  the  observxr  a  ver}'  fair 
and  safe  indication  of  the  probable  durability  of  the  varnish  under 
examination. 

The  practical  deductions  from  these  results  are:  (i)  that  no 
varnish  which  has  failed  to  pass  the  forced  dr}'ing  test  will  be 
thoroughly  satisfactor}' in  sen-ice;  (2)  that  although  ever}-  varnish 
that  passes  the  test  cannot  on  that  account  alone  be  absolutely 
depended  on  to  stand  a  prolonged  exposure  test,  the  great  majority 
(about  92  per  cent,  in  the  case  of  lower  grade  varnishes  and  about 
96  per  cent,  in  the  case  of  high-class  varnishes)  of  those  that  passed 
the  test  emerged  successfully  from  prolonged  exposure  tests.  In 
most  cases  the  reason  for  the  failures  will  be  found  to  be  due  to 
some  abnormality  in  composition  such  as  excess  of  driers,  presence 
of  rosin,  unsaponifiablc  matter,  etc. 

C. — Air- Drying  Test  in  Presence  of  Pigment. 

When  the  surface  of  a  varnish  that  is  exposed  to  the  air  is 
increased  relatively  to  the  total  bulk  of  varnish  there  is  a  consider- 
able increase  in  the  rate  of  drying.  This  fact  may  be  made  use  of 
in  testing  varnishes.  Equal  parts  by  weight  of  varnish  and  oxide 
of  zinc  are  rapidly  incorporated  by  means  of  a  palette  knife  on  a 
glass  slab,  and  the  mixture  is  painted  on  a  glass  sHp  snd  exposed  to 
the  air  under  fair  dr}-ing  conditions.  Exterior  and  "elastic"  var- 
nishes ought  not  under  these  conditions  to  take  more  than  nine 
hours  to  dr}\  Interior  and  "hard  dr}dng"  varnishes  may  take 
rather  less  but  not  less  than  6  hours.  The  foregoing  test  may  also 
be  made  use  of  to  determine  the  intrinsic  coloring  power  of  the 
varnish. 

The  exterior  characteristics  of  varnish  which  should  be  care- 
fully examined  in  comparing  different  samples  are  brightness  and 
color.     Brightness    practically  means    freedom    from    suspended 
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matter  and  special  attention  should  be  directed  to  this  point  as  it 
has  been  found  that  the  durability  of  varnish  films  is  greatly  inter- 
fered with  if  suspended  matter  is  present  even  in  small  traces. 

Color  should  be  compared  against  some  definite  standard. 
Varnishes  may  be  conveniently  divided  into  four  groups  as  regards 
color,  \dz.,  extra  pale,  pale,  medium  and  dark.  The  palest  white 
copal  and  French  oil  varnishes  would  fall  under  the  first  heading. 
"Pale"  varnishes  would  include  the  pale  copals,  pale  carriage  var- 
nishes, maple  and  pale  oil  paper  varnishes.  "Medium"  would 
include  most  of  the  standard  copal  oaks,  darker  carriage  varnishes, 
etc.,  while  "  dark"  would  be  resers'ed  for  a  still  darker  group. 

In  comparing  the  color  of  varnishes  use  may  again  be  made 
of  dried  films  on  glass  shps,  the  actual  determination  of  the  color  in 
comparison  with  the  standard  taking  place  at  least  48  hours  after 
the  varnish  ceases  to  be  tacky.  It  will  be  found  that  many  var- 
nishes which  are  pale  in  themselves  and  when  first  spread  out  in  a 
thin  film  darken  materially  in  dr}-ing. 

I  am  indebted  to  the  London  Borough  Polytechnic  for  details 
and  samples  of  a  simple  and  practical  test  worked  out  in  their  paint 
and  varnish  laborator}-  and  which  appears  to  afford  useful  infor- 
mation as  to  the  general  quality  and  durabihty  of  oil  varnishes. 
This  method,  which  may  be  conveniently  referred  to  as  the  black 
paper  test,  consists  in  flowing  the  samples  of  varnish  under  exam- 
ination on  to  a  non-absorbent  black  paper  wdth  a  small  brush.  The 
operation  of  brushing  the  varnish  on  to  the  paper  affords  the 
operator  an  opportunity  of  examining  the  flow  and  setting  of  the 
varnish  as  he  can  "flow  on,"  "cross"  and  "lay  off"  in  precisely 
the  same  manner  that  a  coach  painter  does  in  varnishing  a  panel. 
The  papers  are  then  hung  up  in  a  fairly  warm  room  maintained  at 
an  even  temperature  and  examined  from  time  to  time  during  a 
period  of  about  a  fortnight.  By  the  end  of  that  time  it  is  quite 
easy  to  detect  the  more  brittle  and  rosin  varnishes  from  those  made 
with  durable  gums  by  creasing  with  the  thumb  nail.  It  is  inter- 
esting to  note  how  certain  varnishes  tested  in  this  manner  break 
down  under  compression  more  than  they  do  under  expansion,  that 
is  by  reverse  folding.  The  difference  in  gloss  of  different  varnishes 
tested  in  this  manner  is  very  marked,  and  should  there  be  the 
slightest  tendency  to  bloom,  the  black  surfaceshows  it  up  instantly. 
It  is  conceivable  that  a  combination  of  this  method  with  the  forced 
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drying  test  already  described  might  give  useful  results,  there  being 
much  to  recommend  the  use  of  a  black  surface  in  comparing  differ- 
ences of  lustre  and  surface  effects  such  as  blooming,  fogging  and 
the  like. 

May  I,  in  conclusion,  say  that  this  paper  had  been  com- 
piled before  I  perused  Mr.  Robert  Job's  valuable  paper  on  the 
''Practical Testing  and  Valuation  of  Japan,"  and  that  the  British 
members  of  The  American  Society  for  Testing  Materials  gladly 
acknowledge  the  excellent  and  practical  work  which  the  Society 
is  accomplishing  in  the  region  of  common-sense  technical  testing. 


DISCUSSION. 


Mr.  Robert  Job  (by  letter). — Chemical  analysis  of  varnish  Mr.  job. 
is  of  value  mainly  to  the  manufacturer  who  wishes  to  check  up  his 
factory  formulae,  or  to  duplicate  the  composition  of  a  given  sample, 
ajid  is  of  less  benefit  in  determining  the  practical  service  value  of 
the  material,  for  the  reason  that  in  the  process  of  manufacture  the 
properties  of  the  materials  may  be  completely  altered.  The  true 
value  of  varnish,  from  the  standpoint  of  durability,  depends  upon 
its  ability  to  resist  certain  physical  conditions,  and  consequently 
the  natural,  and  to  our  mind  the  ideal  method  of  valuation  is  by 
means  of  a  system  of  physical  tests  so  devised  that  the  ability  of 
the  material  to  withstand  each  of  the  deteriorating  agencies  may 
be  definitely  known,  and  hence  its  service  value  determined.  We 
do  not  lose  sight  of  the  fact  that  chemical  reaction  may  take  place 
among  the  constituents  of  the  ^■arnish,  but  we  believe  that  a  simple 
system  of  tests  can  be  devised  which  will  gi\-e  the  necessary  knowl- 
edge. 

From  this  brief  statement  it  will  be  clear  that  we  are  heartily 
in  accord  with  iMr.  Smith's  plan,  and  we  believe  that  the  methods 
proposed  will  form  an  excellent  foundation  for  the  rapid  technical 
valuation  of  the  material. 

In  the  case  of  our  method  for  testing  of  Japan  drier — to  which 
Mr.  Smith  has  Aery  kindly  referred — we  derived  such  satisfactory 
results  in  service,  that  we  were  convinced  that  a  system  of  physical 
testing  was  equally  applicable  to  valuation  of  varnish  and  began 
some  experimentation  toward  that  end,  although  we  were  unable 
to  carr)'  the  scheme  to  a  definite  conclusion  owing  to  pressure  of 
other  work. 

Mr.  a.  H.  Sabin  (by  letter). — The  following  contribution  to  Mr.  Sabin. 
this  subject  may  perhaps  be  of  interest.  It  has  been  the  practice 
of  the  writer  to  make  the  following  test  on  a  dry  wooden  panel  of 
any  convenient  size — say  four  or  five  inches  wide.  The  panel  is 
well  varnished  and  allowed  to  dr\'.  Then  a  sponge,  wet  with 
water,  is  laid  on  it,  and  it  may  be  inspected  from  time  to  time. 
Usually  the  sponge  test  begins  at  night,  say  at  five  o'clock,  and  the 
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Mr.  Sabin.  ncxt  morning  inspection  is  made  at  eight  o'clock.  If  the  varnish 
is  quite  destroyed  a  fresh  test  is  begun  at  once  and  hourly  observa- 
tions made.  If,  on  the  other  hand,  it  is  not  sensibly  affected,  the 
test  is  continued.  This  is  a  very  quick  and  severe  test.  Cheap 
varnishes  containing  much  rosin  are  quickly  destroyed;  only  the 
most  durable  and  weather-proof  will  stand  it.  Like  all  such  tests 
it  is  well  to  make  it  in  comparison  with  some  varnish  of  known 
quality. 

Mr.  Voorhees.  IMr.  S.  S.  Voorhees  (by  letter). — The  need  of  a  correct  inter- 

pretation of  varnish  analysis  by  physical  tests,  is  made  clear  in  Mr. 
Smith's  paper. 

In  general  the  presence  of  large  amounts  of  rosin  and  benzine 
indicates  an  inferior  varnish,  while  a  high  grade  varnish  made  from 
hard  fossil  gums  is  indicated  by  a  low  acid  value,  absence  of  lime 
and  limited  amounts  of  lead  and  manganese  in  the  ash,  Lieber- 
mann-Storch  reaction  on  alcoholic  extract  showing  brown  to  brown- 
ish red,  with  a  volatile  of  pure  turpentine.  In  some  cases,  however, 
when  the  figures  show  more  or  less  deviation  from  the  above 
standard,  the  product  appears  to  be  of  excellent  quality. 

So  much  progress  has  been  made  in  the  manufacture  of  var- 
nish that  it  seems  to  be  possible  to  make  a  durable  product  from 
materials  which  have  been  considered  inferior.  Proper  treatment 
in  the  manufacture  means  nearly  as  much  in  the  finished  product 
as  the  composition  determined  by  chemical  analysis.  This  is  due, 
in  part,  to  lack  of  accurate  methods  for  the  analysis  of  such  complex 
mixtures  as  varnish,  and  also  because  chemical  analysis  does  not 
tell  the  treatment  the  material  received  in  the  process  of  manu- 
facture, and  finally  because  the  results  obtained  need  to  be  inter- 
preted by  physical  and  service  tests.  On  this  account  chemical 
analysis  can  not  supply  the  information  desired  until  service  and 
exposure  tests  furnish  the  data. 

For  a  comparison  of  the  films  it  is  necessar}'  that  variables  of 
time,  temperature,  moisture,  intensity  of  light,  and  thickness  of 
film,  etc.,  should  be  made  constant.  The  first  four  conditions  can 
be  controlled,  but  the  last  depends  on  body  or  vicosity  of  the  varnish 
and  character  of  volatile.  The  temperature  of  55°  to  60°  F., 
recommended  by  Mr.  Smith  in  the  "Natural  Dr>'ing  Test,"  is 
altogether  too  low  for  use  in  this  country;  unfortunately  a  tem- 
perature of  30°  C.  (86°  F.)  is  nearer  the  normal  summer  condi- 
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tions  in  most  of  our  laboratories.  It  is  also  possible  that  other  Mr.  Voorhees. 
atmospheric  conditions  affect  rate  of  dr}dng,  and  consequently 
condition  of  film  at  any  fixed  period  of  time.  An  article  by  Pro- 
fessor A.  H.  Sabm  which  appeared  in  the  Journal  of  the  Society 
of  Chemical  Industry  for  1906,  indicates  that  ozone  may  be  a  more 
active  drying  agent  than  atmospheric  ox}^gen. 

The  Forced  Dr}'ing  Test  recommended  by  ]Mr.  Smith  has  been 
used  here  in  a  more  or  less  systematic  manner.  It  is  encouraging 
to  note  the  concordant  results  obtained  by  this  test. 

The  test  quoted  by  Mr.  Smith  as  used  by  the  London  Borough 
Polytechnic,  should  detect  bloom,  fogging,  etc.,  but  the  same 
results  are  obtained  by  holding  the  natural  dried  film  over  an 
opaque  black  glass.  The  physical  condition  of  the  film  either  after 
normal  or  abnormal  exposure  can  be  better  tested  on  the  film  itself 
apart  from  the  surface  to  which  it  has  been  applied.  A  suitable 
film  can  be  obtained  by  amalgamating  a  sheet  of  tin  or  terne  plate 
6x6  inches  with  mercur}^  and  either  flowing  or  brushing  on  one  or 
more  coats  as  desired.  The  varnish  is  dried  under  normal  condi- 
tions. It  does  not  adhere  to  the  amalgamated  surface  and  can 
usually  be  removed  intact.  The  tensile  strength,  elasticity,  poros- 
ity, etc.,  can  then  be  determined  after  var}-ing  conditions  of 
exposure. 

There  is  need  for  some  definite  means  to  measure  the  hardness 
and  toughness  of  the  film  formed  under  fixed  conditions.  If  the 
instrument  devised  by  Professor  Baily  and  Doctor  Laurie  gives  this 
information,  a  decided  step  has  been  gained.  Until,  however, 
accurate  information  is  obtained  showing  that  a  high  grade  durable 
varnish  can  be  made  containing  appreciable  amounts  of  other  sub- 
stances than  linseed  oil,  turpentine,  hard  fossil  rosins  and  metallic 
oxides  used  in  the  driers,  it  will  be  necessan,'  to  exclude  these  sub- 
stances. 

Mr.  J.  Crlticksil\nk  Smith  (by  letter). — I  am  obliged  to  Mr.  Smith, 
those  gentlemen  who  have  been  good  enough  to  criticize  my  paper, 
and  I  am  glad  to  observe  that,  speaking  broadly,  they  agree  that 
the  elaboration  of  a  series  of  physical  tests  for  varnish  films  is  to 
be  desired.  As  I  point  out  in  the  paper,  I  make  no  claim  to  treat 
the  subject  exhaustively,  and  if,  when  the  paper  and  discussion 
come  before  the  wider  audience  of  the  members  as  a  whole  through 
the  medium  of  the  printed  proceedings,  interest  is  stimulated  in 
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Mr.  Smith,  the  question  of  the  mechanical  testing  of  varnish  films,  and  addi- 
tional light  is  thrown  on  the  problems  connected  with  the  subject, 
mv  main  object  will  have  been  achieved. 

It  would  appear  to  me  that,  if  it  be  generally  agreed  that  the 
forced  drying  test  is  of  real  practical  value  as  throwing  light  on  the 
probable  wearing  power  of  varnish  in  actual  service,  the  problem 
before  us  is  of  a  twofold  nature.  First,  there  must  be  worked  out 
a  physical  or  mechanical  test,  or  a  series  of  such  tests,  whereby  the 
hardness,  toughness  and  elasticity  of  the  films  may  be  measured  in 
terms  of  some  definite  standard.  This  will  involve  a  critical  sur- 
vey of  such  methods  as  that  of  Bailey  and  Laurie,  as  well  as  those 
based  on  the  determination  of  the  moduli  of  torsion  and  elasticity 
(c.  f.  Mills  and  Gray,  "Testing  Colloids, "  Journal  of  Soc.  Chem. 
Ind.,  XXIII,  526).  Secondly,  there  must  be  framed  precise  speci- 
fications as  to  the  conditions  under  which  the  films  of  varnish  are 
to  be  prepared.  Investigation  concerning  the  latter  problem 
offers  abundant  opportunities  for  experiment  and  observation. 
I  am  not  sure  that  I  altogether  agree  with  Mr.  Voorhees  when  he 
says  that  it  is  necessary  that  the  thickness  of  the  films  of  varnish 
should  be  made  uniform.  The  thickness  of  the  film  will  depend 
upon  the  viscosity  of  the  varnish,  which  again  will  be  dependent 
upon  the  composition  and  mode  of  manufacture,  conditions  which 
I  understand  we  are  agreed  to  leave  out  of  consideration.  So  long 
as  the  films  of  different  varnishes  are  prepared  under  precisely 
identical  and  standard  conditions  it  seems  to  me  that  the, thickness 
is  one  of  those  properties  which  we  ought  to  measure,  and  thereby 
endeavor  to  form  an  opinion  as  to  whether  a  viscous  varnish  is 
tougher,  harder  and  more  elastic  than  a  less  viscous  one. 

I  do  not  mention  the  figures  55°  to  60°  F.  for  the  natural  dry- 
ing test  because  they  represent  the  normal  summer  temperature 
in  Britain  (which  they  do  not),  but  because  I  have  formed  the 
opinion  that  the  normal  drying  power  of  a  varnish  which  is  to  be 
used  under  all  sorts  of  conditions  as  to  temperature  in  actual  service 
is  most  satisfactorily  determined  between  the  limits  stated.  It  is 
manifest,  however,  that  there  may  be  wide  divergences  of  personal 
news  on  the  point,  and  I  am  indebted  to  Mr.  Voorhees  for  his 
suggestive  criticism. 


THE  PHYSICAL  PROPERTIES  OF  PAINT  FILMS. 

By  R.  S.  Perry. 

This  discussion  will  deal  particularly  with  the  dried  layer  of 
paint,  or  "the  paint  coating"  and  the  sen-ices  that  this  paint  coat- 
ing should  render  in  resisting  the  decay  of  the  structural  material  it 
protects.  The  word  "paint"  will  be  used  to  refer  to  the  liquid 
material — while  the  expression  "paint  coating"  will  be  confined  to 
the  final  layer  of  dried  paint,  which  is  the  vital  subject  under 
examination.  White  paints  only  and  the  materials  entering  into 
their  composition  will  be  considered.  The  durability  of  the  film 
of  linseed  oil  holding  the  paint  together,  is  the  life  of  the  coating. 

A  word  in  explanation — when  the  liquid  paint  dr}-s— as  the 
painter  says — or,  in  chemical  language,  is  oxidized  to  an  apparently 
hard  mass,  the  viscous  linoleinof  the  oil  is  converted  into  the  rubber- 
like solid  linoxin.  This  accommodating  elastic  binder  with  its 
smooth  surface,  when  supported  by  the  proper  pigments,  acts  as  a 
seal,  not  only  to  protect  the  structure  beneath  from  decay,  but  also 
its  own  inner  mass  from  disintegration  due  to  over-oxidation. 
The  properly  prepared  coating  thus  wears  away  from  surface 
oxidation  and  this  gives  a  maximum  life  to  the  paint.  Any 
combination  of  pigments  that  tends  to  shorten  instead  of  prolong 
the  surface  life  is  to  be  condemned.  It  is  to  be  particularly  noted 
that  when  this  film  of  linoxin  becomes  entirely  oxidized  it  is  a 
worthless  porous  or  chalky  material,  which,  while  apparently 
retaining  its  original  integrity,  is  admitting  destructive  agencies 
to  the  structure  beneath.  If  the  oil  film  in  the  paint  coating  chalks 
or  pulverizes  throughtout  in  advance  of  reasonable  surface  wear 
or  oxidation,  then  the  life  of  the  paint  coating  is  just  so  much 
shortened. 

No  one  pigment  is  complete  in  itself,  but  the  manufacturer  can 
balance  the  virtues  of  one  against  the  deficiencies  of  the  other  to 
obtain  all  the  required  characteristics  in  his  blended  pigment 
body.  Certain  important  pigments  are  not  only  deficient  in  certain 
requirements  but  have  direct  injurious  action  upon  the  paint  coat- 
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ing,  which  injurious  action  the  ackh'tion  of  subordinate  pigments 
will  often  modify  and  sometimes  practically  prevent.  Corroded 
white  lead,  for  example,  while  to-day  a  most  prominent  and 
useful  material  for  paint,  has  defects  which,  beyond  all  other  pig- 
ments, the  manufacturer  must  overcome.  The  weak  point  of 
carbonate  white  lead  is  its  alkaline  nature,  causing  gradual 
progressive  attack  upon  the  linseed  oil  and  other  materials  of 
the  paint  coating.  This  action  is  cumulative:  if  the  chemical 
activity  of  each  particle  be  supported  by  close  proximity  of  the 
other  lead  particles,  chemical  action  of  mass  ensues,  and  therefore 
the  extension  of  the  white  lead  pigment  in  the  paint  by  the 
addition  of  a  proper  amount  of  subordinate  inert  pigment  to 
separate  its  particles,  is  of  decided  assistance  in  mitigating  the 
deteriorating  action  of  that  medium. 
The  more  opaque  pigments  are  six: 

Basic  lead  carbonate  (or  white  lead), 

Basic  lead  sulphate  (or  sublimed  white  lead), 

Zinc  oxide, 

Lithopone, 

Zinc  leads. 

Leaded  zincs. 

The  less  opaque  or  reinforcing  pigments  are: 

Whiting  (calcium  carbonate). 

Asbestine  (talcose  hydro-silicate  of  magnesia), 

Barytes  (natural  sulphate  of  barium), 

China  and  other  clays  (hydro-silicate  of  alumina), 

Blanc  fixe  precipitate  BaSO^, 

'^       ,,     WHydrated  sulphate  calcium), 

Silex  (or  silica)  including  infusorial  earths,  etc., 
Mineral  white  (calcium  carbonate), 
Sulphate  of  calcium  (pearl  finish). 

The  subordinate  pigments  incorporate  properly  with  linseed 
oil.  The  natural,  or  mineral,  pigments  of  this  group  yield  par- 
ticles that  will  average  in  size  with  determining  particles  of  white 
lead.  The  chemical,  or  artificial  products  are  intermediate  in  size 
between  the  white  lead  and  the  sublimed  pigments.     It  will  there- 
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fore  be  seen  that  considerable  latitude  is  possible  in  the  choice  of 
pigments  as  regards  their  size  of  particles.  The  aim  of  the  scien- 
tific manufacturer  is  to  make  a  product  which  will  fulfil  the 
requirements  of  the  liquid  paint  in  the  can  and  will  proximate  as 
closely  as  possible  the  ideal  coating  when  applied.  The  liquid 
paint  must  have  the  following  properties : 

(i)  Covering  or  spreading  power. 

(2)  Proper  grading  of  pigment. 

(3)  Holding-up  properties. 

(4)  Brushing  out. 

(5)  Non-setting. 

(6)  Consistency  or  viscosity. 

As  we  are  dealing  primarily  with  the  dried  coating  only  a  brief 
discussion  of  these  properties  of  the  liquid  paint  is  necessary. 

Covering  or  Spreading. — The  paint  must  spread  over  a  rea- 
sonably large  area  when  brushed  out  (350  to  450  square  feet). 
Spreading  varies  directly  with  the  size  or  fineness  of  the  particles  of 
pigments  in  the  paint. 

Proper  grading  0}  pigment  contents. — A  limited  proportion  of 
the  pigment  must  be  coarse  enough  and  of  the  proper  physical  form 
to  give  what  the  skilled  painter  calls,  proper  tooth,  or  proper  feel 
under  the  brush.  The  rest  of  the  pigment  should  be  fine  in  order 
to  furnish  the  other  necessary  requirements  of  the  liquid  paint. 
White  lead,  silica  and  silicates,  barj^es,  are  valuable  in  furnishing 
this  tooth. 

Holding-up. — After  the  paint  is  stirred  up  the  pigment  should 
remain  evenly  in  suspension  and  not  settle  too  rapidly,  so  that  the 
painter  may  apply  uniform  proportions  of  vehicle  and  solid  matter 
on  all  portions  of  the  work.  Zinc  oxide,  lithopone,  sublimed  lead 
and  asbestine  easily  lead  in  this  while  white  lead  is  most  defective. 

Brushing-oiit. — The  paint  should  be  so  compounded  that 
when  applied  in  liquid  form  it  will  neither  run  nor  slick,  yet  will 
flow  out  easily  without  showing  brush  marks.  In  this  property 
white  lead  particularly  leads,  cither  in  combination  or  alone.  In  a 
machine  mixed  paint  this  is  obtained  by  so  blending  the  pigments 
that  the  particles  average  smaller  than  tIo-  in.  in  size. 

Non-settling. — The  paint  must  be  so  compounded  that  it 
will  not  settle  hard  in  the  botton  of  the  package.     Here  again  the 
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settling  qualities  of  each  pigment  being  known,  the  modern  factory- 
man  scientifically  compounds  his  jmints.  In  this  property  also 
while  lead  is  most  defective. 

Consistency.  -The  liquid  paint  should  be  of  a  consistency 
which  experienced  painters  well  know  and  recognize — such  that  it 
will  neither  run  off  the  brush  too  quickly,  nor  too  thickly — but 
evenly  and  smoothly. 

The  following  are  the  characteristic  properties  of  the  ideal 
coating: 

(i)  Elasticity. 

(2)  Adhesive  power. 

(3)  Uniformity. 

(4)  Sealing  quality,  or  imperviousness. 

(5)  Opaqueness  or  obscuring  power. 

(6)  Freedom  from  internal  strains. 

Elasticity. — The  ideal  coating  should  have  sufficient  elas- 
ticity to  allow  for  the  expansion  of  any  material  which  it  is  to 
cover. 

Adhesion. — The  coating  should  adhere  with  infinite  closeness 
to  the  surface  to  be  protected. 

Unijormity. — The  dried  coating  should  be  absolutely  uTiiform 
in  its  composition. 

Sealing  qualities. — The  ideal  coating  would  absolutely  exclude 
from  the  surface  to  be  protected  all  agencies  of  decay — such  as 
water,  atmosphere,  products  of  combustion,  such  as  chimney  gas 
with  their  sulfurous  acids,  carbonic  acid,  etc. 

Opacity  or  obsctirinc:  power. — This  really  falls  under  the  head- 
ing of  sealing  because  it  is  essential  that  the  protective  coating 
should  contain  materials  of  sufficient  opaqueness  to  entirely  hide 
the  surface,  thus  protecting  it  and  also  materially  shielding  the 
hardened  vehicle  of  the  paint  itself  from  the  actinic,  or  chemical 
destructive  rays  of  the  sun. 

Internal  Strains. — The  ideal  dried  paint  coating  would  have 
no  areas  of  unequal  stress. 

Scientific  Precision  and  Accuracy. 

The  writer  has  been  greatly  impressed  with  the  advantages 
which  would  accrue  to  the  paint  manufacturer  who  is  desirous  of 
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perfecting  his  product  could  he  have  at  hand  rehable  physical  data 
to  guide  him  in  his  work.  Unfortunately,  up  to  this  time,  this  im- 
portant field  has  been  practically  neglected,  the  little  data  obtain- 
able, resulting  from  more  or  less  crude  experimentation,  seems 
to  be,  to  say  the  least,  faulty  and  unsatisfactory,  so  that  he  who  to- 
day begins  a  scientific  investigation  of  the  physical  properties  of 
these  pigments  is  like  the  sailor  who  embarks  on  an  unknown  sea 
without  chart  or  course.  The  first  great  obstacle  that  the  investi- 
gator encounters  in  beginning  this  work  is  the  difficulty  (to  borrow 
a  figure  from  our  brother,  the  surveyor)  of  obtaining  an  accurate 
base  line  for  his  triangulation ;  that  is,  to  produce  a  set  of  uni- 
form paint  coatings  on  which  to  work.  Hand  labor  and  the  brush 
needs  must  introduce  a  variable  due  to  the  personal  equation 
of  the  operation,  be  he  ever  so  conscientious. 

The  result  of  investigations  upon  a  great  number  of  paint 
coatings  where  all  the  factors  were  constant,  excepting  this  one  fac- 
tor of  hand  brushing  out,  has  convinced  the  writer  that  until  some 
scientifically  accurate  means  can  be  developed  of  preparing  stand- 
ard paint  coatings,  it  will  be  impossible  to  get  results  of  precision 
which  are  comparable  even  with  the  most  careful  measurements  on 
two  paint  coatings  produced  under  absolutely  uniform  conditions 
excepting  for  this  one  variable.  It  cannot  be  too  strongly  urged 
that  the  laboratories  and  technical  experts  connected  with  the 
corporations  producing  scientific  machine-made  paint  should  make 
an  effort  to  eliminate  this  variable,  so  that  absolutely  uniform  paint 
coatings  for  laboratory  samples  can  be  produced  from  liquid 
paint  of  any  given  fixed  composition. 

In  the  case  of  the  measurements  and  figures  given  as  the 
result  of  the  writer's  investigations,  the  greatest  care  has  been 
taken  to  reduce  to  a  minimum  the  variable  of  hand  brushing, 
and  the  figures  derived  from  measurements  are  of  value  for  pur- 
poses of  comparison,  but  the  data  given  is  valuable  rather  as  point- 
ing the  way  to  more  precise  measurements  than  for  purposes  of 
precision. 

Elasticity  and  Strength. 

In  these  qualities  the  paint  coating  follows  in  many  respects 
the  laws  governing  concrete.  Taylor  and  Thompson  (page  275) 
state  that  tests  at  the  Watertown  Arsenal  showed  the  ultimate 
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strength  of  concrete  to  be  identical  with  the  shearing  strength  of  the 
stone  inchuied,  which  makes  the  resistance  to  shearing  directly 
dependent  on  the  strength  of  the  broken  rock  used  in  the  mixture. 
In  a  paint  coating,  the  physical  properties  of  incorporated  pig- 
ments profoundly  modify  the  equalities  of  the  film. 

Linoxin  while  notably  elastic  is  weak  in  shearing  and  tensile 
strength,  as  well  as  in  hardness  or  resistance  to  surface  wear. 
The  semi-solid  linoxin  between  the  pigment  particles  obviously 
uses  the  latter  as  supporting  points  and  where  the  paint  is  made  up 
on  the  approved  concrete  principle  with  the  solid  particles  of  three 
or  more  determinate  sizes,  the  linoxin  and  the  smaller  particles 
between  the  largest  particles  or  piers  may  be  considered  as  flat 
arches  supported  by  false  work  in  the  shape  of  the  structural  ma- 
terial on  which  the  coating,  rests.  The  larger  particles  of  pigment 
cannot  stiffen  or  reinforce  the  equalities  of  the  semi-solid  linoxin 
since  they  have  a  determining  influence  on  the  total  thickness  of 
the  coating  and  in  notable  instances  are  thicker  than  the  oil  coating 
itself  when  not  modified  and  strengthened  by  smaller  particles. 

Raw  linseed  oil  and  boiled  linseed  oil,  with  normal  percent- 
ages of  thinners,  spread  under  a  flat  brush  to  the  thickness  of 
.00135  and  .00065  in.  respectively;  while  the  diameter  of  the 
larger  particles  of  old  Dutch  process  lead  is  .0030  in.  or  more 
than  twice  the  thickness  of  the  former  and  five  times  that  of  the 
latter.  A  careful  study  of  the  physical  characteristics  of  dried  lin- 
oxin with  due  regard  to  the  modifications  obtained  by  admixture  of 
pigment  particles  of  extreme  fineness  has  convinced  the  writer  that 
these  decidedly  change  the  physical  qualities  of  the  vehicle.  They 
undoubtedly  add  immensely  to  its  tensile  strength  and  considerably 
retard  the  penetration  of  destructive  agencies,  both  material  and 
actinic. 

The  particles  of  intermediate  sizes  may  simply  be  used  to 
fill  the  primary  voids  or  may  be  of  a  form  serving  to  reinforce  the 
flat  arch  of  linoxin.  Asbestine  pulp,  for  example,  no  matter  how 
finely  ground,  retains  its  needle-like  form  and  in  the  paint  film 
serves  a  similar  purpose  to  the  iron  bars  or  iron  netting  in 
reinforcing  concrete  arches.  The  smallest  sized  particles,  which 
are  drawn  usually  from  the  group  of  sublimated  pigments,  serve 
in  the  paint  film  a  similar  purpose  to  that  of  the  sand  in  concrete. 

Each  particle  of  pigment  in  a  paint  film  without  reference  to 
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size,  is  enveloped  in  linoxin.  Given  similar  homogeneous  coatings 
under  identical  conditions,  elasticity  will  vary  directly  with  the 
thickness.  By  direct  deduction,  we  note  that  of  two  paint  coatings 
equal  in  strength,  opacity  and  all  other  qualities  excepting  thick- 
ness, we  should  chose  the  thinner  coating. 

The  data  on  hand  regarding  thickness  of  paint  coatings  is 
confused  and  misleading,  having  apparently  been  based  upon 
specific  gravity  and  weights,  and  having  neglected  the  item  of 
shrinking  on  drying.  In  our  calculation  the  first  coat  on  any 
absorbent  material  must  be  eliminated,  and  it  should  also  be 
remembered  that  the  thickness  of  any  coating  will  vary  according 
to  the  method  of  application  and  the  personal  equation  of  the 
painter. 

The  writer  has  sought  to  determine  the  relative  thickness  of 
well  known  coatings  under  identical  conditions  of  consistency, 
brushing,  etc.  Measurements  made  in  great  numbers  under  these 
conditions  show  that  the  dried  second  coatings  compare  as  follows : 

Inch. 

A  scientific  machine-made  paint ooio 

American  Green  Seal  zinc 0006 

Lithopone 0008 

Quick  process  and  precipitated  leads 0012 

Dutch  process  lead 0015 

Neglecting  fractions  and  taking  the  machine-made  paints  as 
the  standard  at  100  we  have  the  others  in  the  following  percentages : 

Per  cent. 

Zinc  oxide  paint  coating 60 

Lithopone 80 

Scientific  machine-made  paint 100 

Quick  process  white  leads 120 

Dutch  process  white  lead i  c;o 

In  selecting  the  proper  thickness  and  most  clastic  coating,  we 
must  still  bear  in  mind  the  necessity  of  filling  our  voids  with  pig- 
ment particles  of  three  or  more  different  sizes,  so  as  to  produce 
impenetrability  and  shearing  strength,  remembering  also  that  the 
zinc  oxide  and  other  sublimated  pigments  having  extremely  fine 
particles  are  incorporated  with  the  tough  linoxin  like  the  sand  in 
concrete,  and  that  the  group  of  alteration  products  are  of  medium 
size  and  compare  with  the  smaller  broken  rock  in  concrete ;  while 
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the  Dutch  process  white  lead  is  comparable  to  the  coarsest  groat. 
It  is  logical  that  a  properly  prepared  paint  coating  to  be  of  the 
correct  thickness  should  fall  about  half-way  between  the  extremely 
thin  coating  formed  with  zinc  alone  and  the  excessively  thick  coating 
formed  with  Dutch  process  white  lead. 

Adhesive  Power. 

The  adhesion  of  the  linoxin  to  the  coarser  group  of  particles  as 
well  as  the  underlying  material  is  vital  to  the  coating.  If  the  coat- 
ing parts  from  the  surface  beneath  we  have  scaling  and  peeling. 
If  the  linoxin  parts  from  the  included  particles  of  pigment  we  have 
chalking  and  disintegration.  In  the  case  of  the  well-recognized 
tendency  of  zinc  to  crack  and  scale  when  used  alone  as  a  pigment, 
w^e  may  conceive  of  our  arch  of  linoxin  practically  without  piers  or 
points  of  support,  zinc  oxide  used  alone  gives  better  results  in 
interior  work  where  extremes  of  temperature  are  avoided. 

Three  major  lines  of  forces  hold  our  linoxin  in  place — ad- 
hesion to  the  supporting  surface,  adhesion  to  the  coarse  particles  of 
pigment  and  cohesion  within  the  linoxin  itself.  Recurring  again  to 
our  figure  of  a  flat  arch,  we  can  represent  its  adhesion  by  a  down- 
ward pointing  arrow;  the  adhesion  to  the  coarse  particles  by  two 
arrows  within  the  arch,  pointing  away  from  each  other,  while  two 
others  pointing  mutually  toward  the  center  of  the  arch  represent 
the  force  of  cohesion.  If  by  reason  of  an  excess  of  coarse  particles 
the  paint  coating  be  too  thick,  areas  of  unequal  strain  will  occur  in 
the  arch  because  of  too  rapid  surface  dr}-ing  and  consequent 
destruction  of  the  balance  between  adhesion  and  cohesion.  Such 
excessively  thick  coatings  break  down  exactly  as  may  be  expected. 
The  linoxin  pulverizes  and  the  coating  chalks.  Furthermore,  if 
the  coarse  particles  or  supports  themselves  be  defective  the  laws 
governing  the  strength  of  the  arch  will  again  lead  the  physicists  to 
predict  crumbling.  Thus  when  white  lead  is  used  alone  to  support 
the  linoxin  and  attacks  the  latter  chemically  the  piers  themselves 
disintegrate  and  the  arch  falls. 

Imperviousness. 

For  durability  and  protection,  the  strength  and  imperviousness 
of  the  paint  film  are  vital  factors.  The  protective  value  of  a  coating 
ceases  with  chalking  or  disintegration;  even  the  linoxin  is  itself 
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somewhat  pervious.  It  is  an  office  of  the  pigment  to  reduce  this 
perviousncss.  The  more  impervious  the  film  can  be  rendered  with- 
out loss  of  strength,  the  slower  is  the  process  of  internal  oxidation 
and  disintegration  ^nd  the  greater  the  protection  of  the  underlying 
surface.  A  coating  of  linseed  oil  alone  is  not  only  weak,  but,  as  Dr. 
Dudley  has  conclusi\dy  shown,  it  is  quite  pervious  to  moisture, 
and  this  pcr^•iousncss  increases  rapidly  with  progressive  oxidation. 
Therefore  the  question  of  rendering  a  paint  film  impervious 
depends  upon  our  success  in  filling  voids  and  in  protecting  the 
linoxin  of  the  film  from  the  agencies  of  destruction.  The  condi- 
tions perciscly  parallel  the  service  requirements  for  concrete. 
Taylor  and  Thompson  have  clearly  shown  that  to  secure  imper- 
viousness  in  concrete  there  must  be  freedom  from  voids,  and  that 
to  obtain  this  condition,  we  must  have  at  least  three  determining 
sizes  in  materials  used,  and  their  conclusions  can  be  summarized, 
as  follows: 

The  largest  percentage  of  voids  occurs  when  the  grains  are  all  of  the 
same  size.  The  least  voids  occur  when  the  voids  between  the  larger  par- 
ticles are  filled  with  smaller  particles  and  when  the  smaller  voids  between 
the  smaller  particles  are  in  turn  filled  with  still  finer  particles 

Opacity  or  Obscuring  Power. 

The  actinic  rays  of  light  undoubtedly  tend  to  destroy  the  paint 
film.  It  is  of  the  utmost  importance  that  the  dried  paint  coating 
shall  be  opaque  and  if  this  quality  be  obtained  and  a  proper  balance 
of  pigments  provided,  reasonable  durability  may  be  expected.  The 
coating  must  be  homogeneous.  It  is  obvious  that  to  obtain  the  best 
results  from  pigments  properly  mixed  in  accordance  with  physical 
laws,  the  incorporation  of  the  pigments  with  the  vehicle  must  be 
complete  so  that  all  portions  of  the  resulting  coating  may  be  as  near 
as  possible  of  constant  composition. 

Opacity — Its  Meaxing  axd  Measure. 

It  has  been  the  custom  of  the  paint  trade  heretofore  to  think 
of  the  opacity  or  hiding  power  of  the  pigment  purely  from  its 
visual  or  decorative  side. 

The  pigment  which  best  obscured  the  underlying  surface  and 
in  the  case  of  lighter  shades,  reflected  back  the  greater  portion  of 
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light  received  has  been  considered  the  most  opaque,  and  doubtless, 
therefore,  other  things  being  equal,  to  possess  the  greater  protecting 
power.  Pigments  differ  in  their  apparent  opacity  in  accordance 
with  their  refractive  indices.  Inasmuch,  however,  as  one  of  the 
most  important  functions  of  a  pigment  is  to  protect  the  underlying 
parts  from  the  action  of  the  actinic  rays,  it  seeemed  that  an  investi- 
gation of  the  various  pigments  with  regard  to  their  obscuring  action 
toward  these  rays  were  well  worth  while.  The  investigations 
which  have  been  as  extensive  as  the  limited  time  would  allow, 
show  that  we  must  readjust  our  ideas  regarding  the  opacity  of  the 
various  pigments,  when  dealing  with  the  question  of  their 
behavior  towards  the  chemical  rays  as  compared  with  their  action 
with  the  visual.  The  process  worked  out  for  a  comparative 
determination  of  the  photometric  or  actinic  light — excluding 
power  of  the  various  pigments  was  as  follows: 

Various  raw  materials  were  incorporated  in  the  same  suspend- 
ing vehicle  and  brought  as  near  as  possible  to  proper  consistency 
or  viscosity,  glass  slides  were  prepared  showing  one,  two  and  three 
coats  with  sharp  demarcation — these  glass  slides  were  treated  as 
photographic  negatives,  i.  e.,  a  sensitized  sih'er  film  (standard 
velox  paper)  was  exposed  under  each  to  a  constant  illumination 
and  the  time  of  exposure  varied  until  prints  of  uniform  density 
were  obtained  from  each  pigment  screen — the  time  of  develop- 
ment and  all  other  conditions  were  constant.  The  development 
as  well  as  the  exposure  were  timed  by  a  stop  watch.  Considering 
the  time  of  exposure  for  comparative  purposes  as  a  measure  of 
their  actinic  light  excluding  value,  the  pigments  group  them- 
selves as  follows,  as  compared  with  American  XX  zinc,  taken  as 
100  percent; 

Per  cent. 

Group  No.  I.     XX  American  zinc  oxide loo 

American  zinc  lead lOO 

Machine-made  outside  white no 

Group  No.  2.     Sublime  lead 

;  G.  S.  Beckton  white  (lithopone) 67 

Group  No.  3.     Quick  process  lead 23 

Group  No.  4.     Old  Dutch  lead 17 

Group  No.  5.     Barium  carbonate 

Paris  white   (bolted) 4 

American  floated  barytes 

Blanc  fixe 
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Per  cent. 

Group  No.  6.     English  China  clay 

Asbestine  pulp 

Silex a 

Gypsum 

It  is  interesting  to  note  how  close  these  photometric  values 
compare  with  grouping  of  the  pigments  made  with  reference  to 
fineness  and  also  with  similar  groupings  made  with  reference  to 
their  origin.  Pigments  which  are  produced  by  sublimation,  and 
which  are  therefore  extremely  fine,  fall  into  the  first  group  of 
greatest  actinic  exclusion  or  actinic  opaqueness.  Those  materials 
which  are  chemical  alteration  products,  or  natural  products  pro- 
duced by  natural  alteration  or  decay,  fall  into  the  second  group  and 
are  next  in  size  of  particle  to  the  sublimated  group.  Those  mate- 
rials which  are  natural  products  not  largely  modified  by  natural 
decay  and  which  also  have  the  largest  determining  size  of  particle 
constitute  the  third  group  and  have  the  least  actinic  opacity. 

While  the  figures  given  are,  as  has  been  said  before,  valuable 
only  for  a  comparison,  we  may  expect  that  in  the  near  future  by 
the  use  of  accurately  standardized  photometers,  it  will  be  possible 
to  express  photometric  values  in  terms  of  a  known  standard  unit. 

Exclusion  of  Visual  Rays. 

The  question  naturally  arises — "To  what  extent  do  the  visual 
rays  penetrating  a  paint  coating  correspond  with  the  chemical?" 
Results  expressing  these  values  are  shown  in  the  following  table, 
being  expressed  in  terms  of  American  zinc  as  100  per  cent,  or 
total  opacity: 

Table  of  Transmission  of  Visual  Rays. 

Per  cent. 
9  American  zinc  lead i  oo 

12  XX  American  Horsehead  zinc loo 

II  G.  S.  Beckton  white 91.7 

13  Quick  process  lead 91.7 

10  Picher  lead 87.5 

14  Dutch  process  lead 87.5 

3  Barium  carbonate 75.0 

7  Paris  white,  bolted 70.8 
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Per  cent, 

1  Asbestine  pulp 66. 6| 

4  Blanc  fixe S8.3I 

5  Silex 45-8i 

8  Barytas 41.6 

2  English  China  clay 35.0 

6  Gypsum 4.16 

In  connection  with  these  two  tables  showing  the  photometric 
values,  it  is  interesting  to  compare  the  settling  of  the  several 
pigments  in  water  suspension.  The  results  given  in  the  following 
table  show  the  relative  suspension  of  the  several  pigments  in  water 
after  standing  a  number  of  months: 

Table  of  Suspension  of   Pigments. 

Per  cent. 

XX  zinc 100 

English  China  clay 69 

Gypsum 46 

White  lead 39 

Barytes 15 


PAINT  LEGISLATION. 
By  E.  F.  Ladd. 

Few  industries  have  developed  during  the  past  few  years  more 
rapidly  than  the  ready-mixed  paint  industr}-.  Probably  no 
less  than  70,000,000  gallons  of  mixed  paints  are  now  annually 
produced  and  consumed  in  the  United  States.  Mixed  paints  are 
a  necessity  of  our  age;  they  arc  most  convenient  for  use,  the  colors 
easily  matched  at  any  time,  and  it  is  not  strange  that  the  growth 
has  been  phenomenal. 

I  need  not  dwell  upon  the  products  first  produced  and  sold 
as  rnixed  paints;  it  is  sufficient  to  consider  what  we  now  have  to 
deal  with.  It  is  not  strange  then,  with  the  wonderful  development 
of  the  industr}',  and  with  the  multitude  of  manufacturers  now  pro- 
ducing paints,  some  of  whom  seem  to  know  very  little  of  the  busi- 
ness, or  of  the  true  principles  underlying  the  manufacture  and  use 
of  paints,  if,  without  being  under  any  restriction  and  control  in 
such  a  rapid  growth  of  the  industry,  that  abuses  should  be 
found  which  will  require  courage,  persistence,  and  even  legisla- 
tive action  to  correct,  in  order  to  insure  proper  protection  to  the 
public. 

It  is  unfortunate  that  some  of  the  mixed  paints  have  so  little 
of  merit,  but  how  are  the  public  to  separate  the  good  from  the  bad  ? 
I  am,  I  believe,  prepared  to  show  that  about  80  per  cent,  of  the 
manufacturers  of  paints  are  misrepresenting  the  facts  to  the  public ; 
they  are  deceiving  them;  misleading  them,  and,  in  not  a  few  cases, 
defrauding  them.  This  will  be  well  proven  by  a  study  of 
Bulletin  No.  70  of  the  Agricultural  Experiment  Station  when  taken 
in  comparison  with  the  literature  furnished  by  the  manufacturers 
themselves. 

With  competition  so  fierce  as  has  been  the  case  within  the  past 
few  years  it  is  safe  to  say  that  paint  manufacturers  have  not,  as  a 
rule,  produced  a  paint  as  good  as  they  know  to  how  produce,  but 
rather  that  the  best  of  them  were  making  as  good  a  paint  as  they 
could  sell  in  the  face  of  the  competition  practiced.  L^nfortunately, 
there  are  many  other  manufacturers  producing  paint  as  cheaply 
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as  they  can,  and  with  h'ttle  regard  for  the  wearing  quality  as  the 
first  consideration;  paints,  for  example,  in  which  75  per  cent,  of 
the  liquid  portion  is  without  any  merit  whatever,  being  chiefly 
water  and  benzine. 

I  would  not  for  a  moment  have  it  understood  that  I  believe 
that  all  the  manufacturers  of  mixed  paints  resort  to  unfair  methods ; 
far  from  it;  there  are  as  honorable,  high-minded,  and  public- 
spirited  men  among  them  as  can  be  found  in  any  calling,  and  I 
count  among  my  acquaintances  many  such. 

The  conditions  are  not  unlike  they  were  in  food  matters  when 
food  control  laws  were  first  enacted.  The  standard  of  business 
was  set  not  by  the  best  men  but  by  those  who  were  shrewdest  and 
not  necessarily  the  most  honorable.  I  know  well  too  that  the 
"almighty  dollar"  has  so  far  lured  many  of  their  number  from 
what  is  just  and  right  that  they  resort  to  fraud  and  deceit  of  every 
kind  that  is  applicable  to  the  business,  and  in  so  doing  they  have 
brought  discredit  upon  the  others.  Their  methods  must  be 
changed  or  they  will  be  forced  out  of  business;  then  the  honest 
man  will  be  afforded  an  opportunity  to  do  the  very  best  he  knows 
how  to  do  in  producing  a  superior  product,  and  he  will  not  be 
forced  by  unfair  competition  to  lower  his  standard  in  order  to  hold 
his  trade,  not  educated  to  recognize  in  paint  that  which  possesses 
true  merit. 

It  should  not  be  forgotten,  however,  that  there  is  a  demand  for 
two  grades  of  paint;  a  first  and  a  second  quality.  But  the  honest 
manufacturer  should  make  both,  then  so  label  them  that  the 
public  shall  know  the  difference,  and  the  proper  use  of  the  two 
classes  of  paints.  He  should  not  leave  this  to  others  who  will 
produce  any  kind  of  a  mixture  that  can  be  sold  and  to  the  detriment 
of  a  good  paint. 

Classes  of  Materials  Used  in  Paints. 

It  should  be  understood  that  our  discussion  has  to  do  with 
ready-mixed  paints  for  house  painting,  and  not  with  specialties, 
or  paints  designed  to  be  used  where  engineers  and  chemists  are 
employed  and  so  can  safeguard  the  interests  they  represent. 

This  leads  us  to  a  discussion  of  materials  used  in  paints,  and 
for  convenience  we  may  divide  them  into  three  groups : 

I.  Basic  or  statutory  pigments:    White  lead  and  zinc  oxide. 
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2  Class  A  pigments :  Sublimed  lead,  leaded  zinc,  lithopone, 
and  zinc  lead  white 

3.  Class  B  pigments  (erroneously  so-called  inert  pigments) : 
Gypsum,  chalk,  barytes,  silica,  etc. 

The  majority  of  the  paint  manufacturers  admit  that  white 
lead  and  zinc  white  have  been,  for  a  long  time,  recognized  as  the 
basic  constituents  entering  into  the  composition  of  the  best  grades 
of  mixed  house  paints.  Whether  rightly  or  wrong,  manufacturers 
have  aided  in  creating  this  impression,  and  have  so  claimed  to  the 
public  by  setting  forth  the  merits  of  their  own  product  as  being 
produced  from  these  constituents.  The  working  and  wearing 
quality  of  these  tw^o  pigments  are  likewise  well  known  to  the  public, 
and  form  their  standard  of  comparison  for  house  paints.  The 
public  have,  therefore,  a  right  to  know  when  other  products  have 
been  substituted  or  added  to  the  pigment  employed  in  paint 
making,  and  to  know  the  reason  for  such  change. 

Are  the  Class  A  pigments  the  equal  of  the  old  Dutch  process 
white  lead,  or  the  best  French  or  New  Jersey  zinc  white  ?  Paints 
containing  zinc  lead  whites  in  considerable  proportion,  in  my 
experience,  cannot  be  depended  on  to  wear  well;  they  soon 
begin  to  wash  and  run.  Some  recent  experiments  with  well- 
known  paints  containing  zinc  lead  white  were  found  to  give  bad 
results;  at  the  end  of  a  few  months  they  w'ere  washing  badly, — 
at  the  end  of  nine  months  they  were  showing  considerable  disin- 
tegration. The  reason  for  this  may  probably  be  found  in  the  fact 
that  the  lead  sulphhate  is  not  a  good  paint  material,  and  in  com- 
bination we  should  not  expect  it  to  be  free  wholly  from  the  objec- 
tionable qualities.  Again,  it  is  objectionable  for  the  further  reason 
that  the  product  is  not  of  uniform  composition,  containing  varying 
amounts  of  arsenic  and  antimony  compounds,  and  zinc  sulphate. 
Samples  recently  examined  in  my  laboratory  show  the  following 
range  for  these  constituents  when  calculated  as : 

I         II  III  IV    . 

Arsenious  oxide 68  .47  .32  1.60 

Antimony  oxide 20  .33  .20  .88 

Zinc  sulphate 78  .55  1.61  .84 

In  other  words  there  may  be  present  fully  three  and  one-half 
per  cent,  of  these  ingredients. 
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The  presence  of  arsenic  in  interior  house  paints  is  certainly 
not  more  to  be  commended  than  is  wall  paper  containing  the  same 
ingredient.  It  was  only  a  few  years  ago  that  physicians  and 
sanitarians  alike  compelled  the  discontinuance  of  the  use  of  arsenic 
in  wall  paper,  and  caused  paper  containing  such  arsenic  to  be 
removed  from  the  walls,  having  clearly  demonstrated  to  their  own 
satisfaction  that  many  cases  of  ill  health  could  be  traced  to  this 
slow  poisoning  by  arsenic.  We  cannot  afford  to  again  ignore  the 
matter  at  this  time.  Certainly  there  was  less  arsenic  in  the  paper 
than  is  now  found  in  the  paints  containing  some  of  the  zinc  lead 
whites.  The  leaded  zincs  of  Missouri  and  Kansas  contain  from 
4  to  10  per  cent,  of  lead  sulphate,  and  as  high  as  one  and  a  half  per 
cent,  of  zinc  sulphate.  What  has  been  said  about  the  wearing 
quality  of  paints  containing  zinc  lead  white  is  equally  true,  in  our 
experience,  with  those  containing  leaded  zinc. 

Lithopone  has  a  place  in  floor  paints,  in  some  enamels,  in  the 
oil-cloth  industry,  and  in  many  specialties,  but  its  best  friends  have 
not  been  enthusiastic  over  its  use  in  ready-mixed  paints,  for  many 
of  its  shortcomings  are  well  known. 

This  brings  us  then  to  a  consideration  of  sublimed  lead,  the 
use  of  which  has  increased  in  the  past  few  years.  Its  greatest 
use  will  not,  however,  in  my  judgment,  be  found  in  the  highest 
grade  of  ready-mixed  house  paints.  The  difficulty  of  satisfactorily 
applying  paints  containing  considerable  portions  of  sublimed  lead 
in  cold  weather,  and  even  in  the  cooler  parts  of  the  day,  are  no  new 
thing,  but  well  understood.  Other  difficulties  have  been  pointed 
out  and  considered  by  the  writer  in  "Analysis  of  Mixed  Paints, 
Color  Pigments,  and  Varnish";  certainly  then  if  what  I  have  said 
be  true,  it  cannot  be  claimed  that  the  substitution  of  pigments  of 
Class  A  for  white  lead  and  zinc  white  without  the  knowledge  of 
the  consumer  would  be  justifiable.  In  other  words,  they  are  not 
the  equal  of  the  basic  pigments  so  long  and  favorably  used  by  the 
public  as  their  standards  for  pure  paints. 

Class  B  pigments  have  cheapness  as  one  of  their  chief  merits 
and  therefore  an  unlimited  opportunity  for  misuse  is  offered,  and 
taken  advantage  of.  Those  who  arc  best  posted  do  not  generally 
claim  that  they  are  substitutes  for  white  lead  in  oil,  but  rather 
that  they  can  be  used  in  combination  with  white  lead  within  certain 
limits.     There  is,  however,  no  fixed  concensus  of  opinion  either 
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among  paint  manufacturers  or  their  chemists  as  to  which  is  best; 
some  manufacturers  condemning  one  and  extolling  the  merits  of 
another,  while  a  competitor  will  contend  as  vigorously  that  the 
reverse  is  true.  Some  of  the  products  employed  in  this  group  are 
ver}'  far  from  being  either  pure  or  inert.  This  is  true  of  some  forms 
of  gypsum,  which,  when  not  properly  dehydrated,  and  containing 
quicklime,  cannot  by  any  means  be  considered  as  inert  material, 
for  its  presence  produces  most  serious  results  in  some  paints. 


Fig.  I. — Condition  of  Cheap  "  Dope  "  Paint  after  Nine  Months' 
Exposure.     Peeling  Badly. 


It  is  to  be  borne  in  mind,  however,  that  not  a  few  paint  manu- 
facturers are  ignorant  of  the  chemistry  of  paint  materials;  they 
are  in  reality  "mixers",  according  to  a  prescribed  formula  Aat 
has  come  into  their  possession,  and  are  often  as  unacquainted  with 
the  science  of  paint  manufacture  as  they  are  with  its  chemistry. 

Even  lime  carbonate  is  not  always  an  inert  ingredient  of  paint, 
but  at  times  is  employed  on  account  of  its  possibilities  as  a  chemical 
agent.  The  necessity  for  its  use  might  sometimes  well  raise  a 
question  regarding  the  character  of  the  oil  employed.     Some  of 
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the  paints  containing  rosins,  alkali,  emulsions,  etc.,  have  been  a 
source  of  trouble,  little  understood  by  the  manufacturer,  because 
he  did  not  ahvays  know  that  these  products  were  present  in  his 
factory. 

The  Kind  of  a  Law. 

What  shall  be  the  nature  of  the  proposed  paint  law, — one  that 
shall  be  fair  alike  to  producer  and  consumer?  Shall  we  have  a 
law  which  recognizes  no  difference  in  value  for  the  several  paint 
pigments;  one  which  places  all  pigments  on  the  same  basis;  a  law 
which  recognizes  in  chalk  the  equal  of  zinc  oxide,  or  in  zinc  lead 
white  with  its  arsenic,  antimony,  zinc  sulphate  and  soluble  lead 
sulphate  (which  has  its  serious  faults),  the  equal  of  old  Dutch 
process  lead  ?  No  honest  manufacturer  or  painter  believes  that 
these  pigments  are  of  like  value  as  ingredients  for  ready-mixed 
house  paints.  Why  then  should  we  demand  that  each  be  legalized 
and  made  of  like  value  under  the  law  ?  Perhaps  because  we  have 
not  looked  into  the  future  and  discerned  the  competition  that  must 
be  met,  and  successfully  answer  the  claims  made  effective  by  sanc- 
tion of  law.  The  honest  manufacturer  knows  that  the  basis  of  the 
best  paint  he  has  been  able  to  produce  is  white  lead  and  zinc  oxide, 
even  though  he  may  have  been  able  to  add  with  advantage  some 
proportion  of  other  constituents.  ]\Iany  will  dift"cr  with  him  regard- 
ing the  proportion  of  pigments;  none  I  believe  will  success- 
fully assert  the  equal  value  of  all  pigments,  or  of  all  vehicles  for 
paint. 

If  all  pigments  are  not  of  like  value,  then  we  must  turn  to 
some  one  or  two  pigments  which  shall  serve  as  standards  of  com- 
parison when  these  standards  have  been  properly  tested  and 
accepted.  Is  the  concensus  of  opinion,  both  public  and  individual, 
to  be  followed  ?  If  so,  then  our  standard  of  comparsion  is  still 
white  lead  and  zinc  oxide.  Shall  these  then  constitute  the  basis 
on  which  our  law  shall  be  built  up  ?  Can  we  find  anything  better  ? 
And  why  should  we  not  have  a  standard  for  comparison  in  paints 
the  same  as  is  found  for  ever)'  preparation  in  the  United  States 
Pharmacopoeia,  or,  the  same  as  there  are  standards  well  recognized 
for  commercial  fertilizers?  If  there  be  added  to  or  substituted 
into  this  combination  any  other  pigment  why  should  not  the  public 
be  informed  of  the  fact?     Or,  if  water  or  benzine  be  added  in 
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place  of  some  constituent  in  the  vehicle,  why  should  not  the  public 
know  of  this  substitution  ? 

A  few  have  maintained  that  a  law  should  be  such  as  to  exempt 
from  labeling  only  those  statutory  paints  wherein  the  white  lead 
constitutes  not  less  than  50  per  cent,  of  the  pigment;  others  would 
allow  5  per  cent,  of  truly  inert  material  like  barytes  or  silica  without 
requiring  labeling. 

The  North  Dakota  Law. 

The  legislators  of  North  Dakota  recognizing  the  necessity 
for  a  paint  law  came  to  the  conclusion  that  all  paint  pigments  v/ere 
not  of  like  value,  and  have  so  formulated  their  belief  and  ex- 
pressed it  as  a  law. 

Paints  composed  wholly  of  pure  linseed  oil,  pure  carbonate  of 
lead,  oxide  of  zinc,  turpentine,  Japan  drier,  and  pure  colors,  need 
not  be  labeled,  while  all  others  must  be  labeled  so  as  to  show  their 
true  composition.  North  Dakota  has  thereby  established  the 
standard  long  recognized,  but  in  so  doing  they  have  barred  no  paint 
from  the  state;  they  only  ask  that  you  tell  the  truth  to  the  public 
with  regard  to  the  composition  of  the  paint, — that  you  place  your 
name  and  address  upon  the  package  as  a  guarantee  of  your  own 
faith  in  the  product  which  you  desire  to  sell  in  the  state.  Our 
experience  under  the  North  Dakota  law  convinces  us  that  the 
principle  therein  enunciated  is  the  correct  one,  safest  alike  for 
safeguarding  the  interests  of  the  consumer  and  the  honest  manu- 
facturer. Industries  employing  chemists,  engineers  or  experts 
to  look  after  their  interests  may  well  require  and  have  special 
pa'nt  products  for  their  particular  purposes,  but  the  pubHc  at  large 
who  use  mixed  paints  for  house  painting  demand  and  are  entitled 
to  legislative  protection,  since  in  no  other  way  can  their  interests 
be  properly  safeguarded. 

It  is  true  that  other  basic  or  statutor}-  pigments  may  be  best 
for  special  purposes.  Possibly  a  great  railroad  may  prefer  that  its 
paint  should  chalk  and  wash,  in  order  that  the  cars  may  appear 
cleaner  or  whiter  than  would  be  the  case  were  paints  employed  that 
do  not  possess  these  properties.  Other  pigments  may  be  far  better 
for  structural  steel  works,  light-house,  bridges,  breweries,  etc.,  but 
we  have  here  to  deal  largely  with  house  paints,  used  by  those  not  in  a 
position  to  know  what  is  being  sold  often  under  deceptive  captions. 
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Certainly  the  public  will  be  misinformed  if  they  follow 
the  claims  of  the  makers  of  these  i)aints  and,  in  the  light  of  recent 
experiences,  we  cannot  wholly  blame  them  where  they  assume  an 
attitude  of  doubt.  Afy  two  years'  experience  in  enforcing  the 
North  Dakota  law,  and  in  cxpcr  mcnting  with  paints,  has  given 
me  less  faith  in  the  value  for  house  paints  of  the  pigments  of  Class 
A,  than  I  formerly  had,  and  unless  they  are  vcr}'  materially 
improved,  I  predict  that,  in  the  very  near  future,  they  will  be  less 
extensively  employed  in  house  paints  than  is  the  case  at  the  present 
time. 

The  Form  of  Label. 

Whatever  the  law,  it  is  important  that  a  uniform  labeling 
feature  be  provided  for,  and  North  Dakota  has  to  recommend  the 
following  as  affording  the  information  most  sought  for,  and  with 
lea,st  likelihood  of  evasion.  This  is  not  intended  to  convey 
information  regarding  an  ideal  combination  but  rather  indicates 
the  form  for  a  paint  that  should  be  labeled. 

Contents  of  can.  ....  gal lbs. 

Per  cent,  of  pigment,  by  weight 62 

Per  cent,  of  thinner  or  vehicle,  by  weight 38 

100 
The  thinner  or  vehicle  is  composed  of: 

Per  cent. 

Linseed  oil 70 

Turpentine 5 

Japan  drier 5 

Benzine 10 

Water 10 

100 

Composition  of  pigments : 

Per  cent. 

White  lead 25 

Sublimed  lead 20 

Zinc  oxide 30 

Calcium  carbonate 6 

Barytes 15 

Color  * 4 

*  The  color  is  composed  of  (name  of  ingredients  and  composition,  if 
necessary,  to  be  given). 
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In  mixed  paints  it  is  important  that  wc  have  full  measure, 
while  in  white  leads  and  paste  paints,  weight  will  be  more  important. 
It  is  desirable,  however,  that  we  have  shown  the  per  cent,  of  pig- 
ment and  vehicle,  as  will  be  readily  understood  by  those  who 
have  made  a  study  of  the  commercial  features  of  this  problem. 
The  public  understand  the  magnitude  of  any  fraud  better  where 
the  pigment  and  vehicle  are  separated,  and  where  each  is  separatelv 
expressed  in  per  cent,  as  shown  above. 

With  regard  to  color, — when  a  pure  product  is  used,  it  i.. 
sufficient  to  name  the  color  pigment,  but  where  inferior  colors  are 
employed  it  is  necessary  to  have  a  full  analysis  of  the  color  pigment 
so  as  to  prevent  the  heavy  adulteration  sometimes  introduced  by 
this  means. 

Let  me  cite  an  instance:  two  paints,  one  required  to  be 
labeled  because  there  had  been  added  10  per  cent,  of  English 
cliffstone;  the  other  not  labeled  because  made  from  .lead,  zinc, 
and  color.  Twenty  per  cent,  of  the  color  was  used,  not  more  than 
7  per  cent,  of  which  was  real  color,  the  balance  being  clay,  lime, 
etc.,  not  properly  a  constituent  of  the  color.  This  paint  was 
in  reality  intentionally  seriously  adulterated,  and  must  needs  be 
labeled  so  as  to  show  the  composition  of  the  color  pigment. 

National  Paint  Legislation. 

What  is  needed  to  prevent  fraud  in  paints  at  the  present  time 
is  National  legislation  and  this  would  serve  as  a  public  educator  to 
acquaint  the  people  with  the  relative  merits  of  the  several  pigments 
now  employed  in  paints  as  well  as  with  the  character  of  the  vehicle. 
Such  a  law,  with  the  experimental  work  that  should  be  conducted 
in  connection  with  its  enforcement,  would  show  the  people  how  to 
use  these  various  pigments  in  paints  in  order  to  secure  the  greatest 
efficiency.  A  national  law  would  prove  of  great  benefit  to  the 
honest  manufacturer,  who  is  now  struggling  to  meet  the  unfair 
competition  from  the  sale  of  the  many  cheap  paints  being  made  by 
"mixers,"  who  have  no  knowledge  of  the  paint  business,  and 
when  their  product  has  been  exposed  will  find  it  necessary  to  go 
out  of  the  business.  The  cheap,  water  emulsion  paints  of  chalk, 
barytes,  etc.,  now  so  largely  sold  by  the  department  stores  would, 
in  some  measure  at  least,  be  replaced  by  a  better  product,  and  the 
mail  order  houses  would  be  unable  longer  to  impose  upon  the 
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public,  for  education  would,  in  a  large  measure,  correct  many  of  the 
existing  evils.  With  a  good  national  law  as  a  basis  the  states 
would  then  follow  its  general  form,  and  there  would  be  a  minimum 
amount  of  confusion  and  annoyance  to  the  manufacturer  in  the 
labeling  of  his  paints  as  they  go  into  commerce. 

Experimental  Paint  Tests. 

Before  we  can  get  on  a  solid  and  correct  basis  for  classifying 
paints  we  must  have  become  familiar  with  all  the  conditions  under 
which  paint  is  used  in  house  painting.  Having  carefully  studied 
the  paint  question  during  the  past  two  years,  North  Dakota  has  led 
in  this  important  work  of  paint  testing. 

How  do  paints  behave  on  the  walls  of  buildings,  or  under  like 
conditions?  To  answer  this  question  there  has  been  planned,  and 
in  part  executed,  probably  in  North  Dakota,  the  most  extensive 
and  comprehensive  series  of  experiments  of  this  nature  ever  under- 
taken in  this  country.     Our  experimental  testing  plant  is: 

First,  experimental  fences,  aggregating  275  feet  in  length, 
18  inches  above  the  gound,  5  feet  in  height,  and  the  whole  divided 
into  5-foot  sections.  This  can  best  be  illustrated  by  means  of  the 
accompanying  photograph. 

One  side  of  the  fence  is  clapboarded,  using  two  tj'pes  of 
lumber  on  each  section,  a  soft  pine  and  Washington  cedar.  The 
opposite  side  of  the  fence  is  plain-boarded,  using  soft  and  hard 
pine;  therefore,  there  is  afforded  a  variety  of  material  on  which 
to  test  each  paint. 

The  fence  is  most  substantially  constructed,  the  cedar  posts 
well  set  in  cement,  the  top  and  ends  well  capped  and  the  base 
protected  from  moisture  below.  To  each  of  these  sections  three 
coats  of  paint  are  applied,  and  three  types  of  each  paint  are  under 
experiment.  These  are:  w^hite,  colonial  yellow,  and  lead  gray. 
Each  section  of  the  fence  wall  be  repainted  as  there  is  need  for  the 
same  and  it  is  proposed  to  continue  the  experiment  for  eight  or 
ten  years. 

Two  classes  of  experiments  are  now  under  way.  We  are 
testing  first  the  different  types  of  paint  as  found  upon  the  market, 
but  the  more  important  test  is  with  paints  representing  tyipes 
specially  prepared  for  this  work,  and  presented  to  the  College 
by  the  Paint  Manufacturers'  Association  of  the  United  States. 
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For  this  work  the}-  have  prepared  and  furnished  sixteen  types,  each 
in  three  shades,  and  we  are  indebted  to  the  same  association  for 
financial  aid  for  conducting  the  experiments.  The  National  Lead 
Company  ha\e  also  taken  a  deep  interest,  furnishing  the  necessary 
white  lead,  and  contributing  freely  to  further  this  work.  The 
North  Dakota  Agricultural  College  is,  therefore,  now  in  a  position 
to  conduct  a  most  comprehensive  experimental  test  of  paints. 

I  have  thus  briefly  outlined  the  character  of  these  experiments 
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Fig.  2. — One  of  Five  Test  Fences. 


now  in  progress  at  the  Experiment  Station.  In  addition,  however, 
to  the  foregoing  test,  at  least  six  residences  are  to  be  painted;  a 
large  mill  laboratory  newly  constructed,  and  the  College  Armory, 
in  part  to  be  re-painted  and  in  part  newly  painted. 

On  each  residence  eight  paints  are  used,  thus  making  a  com- 
parative test  under  identically  the  same  conditions  for  the  different 
types  of  paint.  At  the  same  time  that  these  tests  are  being  made 
the  chemical  and  physical  properties  are  fully  determined  and 
recorded,  also  all  of  the  season's  climatic  conditions  and  observed 
facts  regarding  the  working  qualities  of  the  paints.     I  might  say 
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that  it  is  further  proposed  to  have  an  experimental  paint  mill 
installed  at  the  College  for  the  manufacture  of  paint  and,  where 
possible,  we  shall  try  to  have  our  experimental  tests  confirmed  in  a 
manufacturing  way,  by  some  of  the  large  paint  manufacturers. 

At  the  College  there  has  also  been  established  a  Division  of 
Industrial  Chemistry  with  special  reference  to  the  study  of  paints, 
and  the  training  of  young  men  in  all  branches  of  paint  manu- 
facture, analysis  and  testing.  We  thus  hope  to  be  able  to  train 
a  class  of  men  especially  fitted  for  paint  work,  whether  it  1)  in 
the  manufacturing  departments  or  in  research  and  experimental 
work. 


DISCUSSION. 


Mr.  S.  M.  Evans. — In  every  legislative  effort  to  safeguard  Mr.  Evans. 
the  rights  of  the  public,  I  believe  history  will  bear  me  out  in  sa}ino- 
that  legislatures  generally  crystallize  popular  traditions  in  the 
shape  of  laws.  I  believe  in  this  particular  case  some  traditions 
have  been  crystallized.  Whether  or  not  these  traditions  differ  from 
their  kind  in  coinciding  with  scientifically  established  facts,  I  shall 
not  noAv  discuss.  But  with  the  author  at  the  fore  in  this  movement 
the  paint  trade  has  nothing  to  fear,  simply  by  reason  of  the  fact  of 
the  experiments  which  he  is  making.  These  are  ver}'  compre- 
hensive and  will  let  in  the  bright  light  of  truth  in  due  course  on 
many  points  at  present  indeterminate. 

I  would  like  to  point  out  what  I  believe  to  be  the  one  funda- 
mental fallacy  in  the  author's  advocacy  of  setting  up  a  standard 
for  pigments.  His  standard  in  this  particular  case  is  really  a  very 
slight  protection  to  the  rural  buyer  of  paints,  and  protection  to 
that  individual  is  the  object  of  the  law.  It  is  just  as  much  an 
economic  proposition  to  make  a  paint  doped  with  zinc  or  doped 
vAth.  carbonate  of  lead,  as  it  is  to  dope  it  with  barytes  or  any  other 
single  pigment  ingredient.  It  is  just  as  cheap  to  make  a  paint 
composed  of  95  per  cent,  of  zinc  oxide  and  5  per  cent,  of  lead,  as  a 
paint  composed  of  60  per  cent,  oxide  of  zinc  and  40  per  cent, 
barytes.  The  former  is  about  as  poor  a  paint  as  anyone  can  make 
for  general  purposes,  and  yet,  under  the  author's  standard,  he  would 
be  obliged  to  cover  it  with  his  cloak  of  orthodoxy;  while  the  latter 
paint  comprsed  of  60  per  cent,  zinc  and  40  per  cent,  of  barytes  is, 
as  everyone  well  knows,  much  superior  in  efficiency  and  yet  must 
needs  be  condemned  according  to  the  standard  set  up  in  N'orth 
Dakota.  I  just  point  this  out  as  being  a  single  glaring  mistake 
in  endeavoring  to  set  up  a  standard. 

Mr.  William  Marshall. — It  seems  to  me  that  in  view  of  Mr.  MarshaU. 
the  diversified  opinions  expressed  at  this  meeting  as  to  what  is  best, 
the  different  pigments  that  should  be  compounded  together  to  pro- 
duce best  results,  and  in  view  of  the  fact  that  this  Society  seems  to 
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Mr.  MarshaiL  be  fccling  its  wav  to  find  out  what  is  best,  what  combinations  will 
prove  the  best  for  protective  coatings,  that  any  legislation  at  this 
time  is  premature,  especially  as  no  standard  seems  to  have  been 
reached.  I  am  free  from  any  selfish  motive  in  this,  because  I  am 
not  in  the  paint  business;  but  it  seems  to  me  that  in  view  of  the 
fact  that  we  have  not  yet  reached  any  standard,  and  that  it  will  take 
some  years  of  earnest  and  careful  scientific  investigation  by  this 
and  other  societies,  and  other  seekers  after  truth,  before  a  standard 
is  reached,  that  all  legislation  should  be  postponed. 


THE   RECENT   TESTING   OF   COALS    USED   BY   THE 
FEDER.\L  GOVERNMENT  IN  ITS  PUBLIC 
BUILDINGS  IN  WASHINGTON. 

By  J.  A.  Holmes  and  D.  T.  Randall. 

There  is  a  growing  tendency  in  the  government  departments 
and  also  in  the  commercial  world  to  inspect  and  test  all  materials 
used  in  large  cjuantities.  At  present  there  are  a  considerable 
number  of  large  consumers  who  systematically  sample  and  test 
all  the  coal  used  in  their  plants.  The  government  has  done  so 
in  a  few  of  its  departments  for  some  time  past.  The  cost  of  coal 
for  the  United  States  Government  is  in  the  aggregate  about 
$6,300,000  per  annum.  The  annual  expenditure  of  such  a  sum 
of  money  warrants  some  method  of  inspection  to  enable  the  several 
departments  to  secure  suitable  coal  for  a  reasonable  price. 

This  state  of  things  has  led  a  demand  for  better  general 
information  regarding  the  relative  value  of  the  coals  available  for 
government  as  well  as  commercial  use,  and  it  has  recently  been 
made  the  duty  of  the  Technologic  Branch  of  the  Geological  Survey 
to  analyze  and  test  the  coals  used  by  the  government  in  addition 
to  the  general  investigations  conducted  at  the  fuel-testing  plant 
and  in  the  field. 

During  the  past  three  years  trained  inspectors  in  the  employ 
of  the  Fuel-Testing  Division  of  the  Geological  Survey  have 
personally  visited  159  mines  in  23  states  and  taken  two  or  more 
samples  from  each  mine.  This  work  was  done  to  determine  the 
geological  features,  character,  and  commercial  value  of  the  coal 
in  each  mining  district.  It  was  also  desirable  to  determine  what 
dependence  might  be  placed  on  samples  of  coal  taken  in  the  -mine 
as  representing  the  coal  actually  delivered  on  the  market.  For  this 
purpose  two  plans  have  been  followed.  In  one,  the  sample  is  taken 
and  impurities  discarded  in  accordance  with  instructions  to  miners 
for  separating  foreign  matter  from  the  coal.  This  method,  when 
checked  by  samples  taken  from  coal  shipped  in  cars  under  ordinary 
working  conditions,  shows  that  mine  samples  arc  usually  consider- 
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ably  better  than  the  actual  delivery  due  to  the  failure  of  the  miner 
to  fuHy  carry  out  instructions.  This  difference  may  be  indicated 
by  comparison  of  the  ash  content  of  the  coal  in  the  two  cases.  The 
average  results  show  for  run-of-mine  coal  30  per  cent,  more  ash  in 
the  coal  delivered  than  in  the  mine  sample.  The  other  method  of 
mine  sampling  follows  as  nearly  as  possible  the  actual  methods 
which  the  miners  follow  regardless  of  what  their  instructions  may 
ba.  By  this  method  samples  may  be  secured  by  an  experienced 
inspector  which  correspond  very  closely  with  the  car  deliveries,  but 
considerable  time  is  required  for  observing  the  work  of  the  miners 
in  different  parts  of  the  mine,  and  the  judgment  of  the  inspector 
is  depended  upon  to  secure  the  result. 

In  both  methods,  the  following  precautions  are  taken  by  the 
inspector  to  secure  a  correct  sample.  A  vertical  cut  is  made  over 
the  face  of  the  coal,  and  the  cuttings  are  caught  upon  a  waterproof 
blanket  which  is  spread  upon  the  floor  of  the  mine.  Impurities 
are  rejected,  in  accordance  either  with  the  instructions  or  with  the 
usual  miners'  practice,  and  after  being  crushed  to  |-inch  pieces 
or  smaller,  the  coal  is  thoroughly  mixed.  It  is  then  quartered 
down  and  the  resulting  sample  is  placed  in  a  metal  can  holding 
about  one  quart  and  sealed  air  tight.  All  of  this  work  is  done  in  the 
mine  where  the  sample  is  taken  and  as  rapidly  as  possible  to  avoid 
loss  of  moisture.  A  full  description  of  these  methods  and  results 
may  be  found  in  the  Geological  Survey  Bulletin  No.  290  and  in 
Professional  Paper  No.  48. 

As  intimated  above,  samples  as  usually  furnished  from  mines 
are  not  to  be  depended  upon  as  representing  the  coal  which  will 
be  delivered.  This  difference  is  mainly  due  to  failure  of  the 
miners  to  obey  instructions  regarding  the  rejection  of  impurities, 
to  differences  in  the  quality  of  the  coal  in  different  parts  of  the 
mine,  and  to  the  fact  that  different  beds  of  coal  are  often  mined  at 
the  same  time  and  the  output  mixed.  Lack  of  care  in  mining  and 
in  preparation  of  coal  for  the  market  explains  in  a  great  measure 
the  variation  in  the  amount  of  ash  in  the  coal  delivered  from  the 
same  mine  at  different  times.  In  sections  of  the  country  where 
coal  is  washed,  variation  in  the  quality  may  be  considerable,  due 
to  the  carelessness  of  the  attendant  in  charge  of  the  washery.  The 
tendency  with  persons  inexperienced  in  sampling  is  to  select  a 
sample  much  better,  than  the  average  product.     In  many  cases 
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samples  are  taken  by  selecting  a  nice-looking  lump,  breaking  it 
down  and  shipping  it  in  a  cloth  sack,  thus  allowing  the  moisture  to 
evaporate.  Such  a  sample,  of  course,  represents  the  best  coal  in 
the  mine  and  (unintentionally  in  most  cases)  establishes  a  much 
higher  value  than  can  be  commercially  delivered.  The  mine 
sample  if  properly  taken  does,  however,  establish  the  general 
character  of  the  coal  and  indicates  what  may  be  expected  under 
favorable  circumstances. 

During  the  past  winter  samples  of  coal  from  several  of  the 
government  buildings  in  Washington  were  secured  by  members  of 
the  Fuel-Testing  Division  and  the  analyses  were  made  by  the 
chemical  laboratory  conducted  by  this  division  under  direction 
of  Prof.  N.  W.  Lord,  of  Ohio  University.  Samples  were  usually 
taken  from  the  coal  as  it  was  being  unloaded  from  the  cars  or  from 
wagons.  In  the  case  of  car  deliveries  it  has  been  found  that  it  is 
necessary  to  take  small  quantities  from  many  parts  of  the  car  as  it  is 
being  unloaded,  in  order  to  obtain  a  fair  sample,  for  thq  reasons 
that  the  coal  is  often  brought  to  the  car  from  ditfercnt  parts  of  the 
mine,  and  in  transit  the  heavier  portions  of  the  coal  tend  to  settle  to 
the  bottom.  The  analyses  of  samples  from  the  top  and  bottom  of 
cars  often  show  very  considerable  differences  in  the  percentages  of 
ash.  In  case  coal  is  delivered  to  the  buildings  in  wagons  and  stored 
in  bins,  it  is  preferred  to  obtain  the  sample  by  taking  a  small 
quantity  from  each  load  or  at  regular  intervals  as  the  wagons  are 
being  dumped  into  the  bins.  In  cases  of  small  deliveries  of 
anthracite  coal  it  has  been  found  satisfactory  to  take  samples  from  a 
number  of  points  over  the  surface  of  the  coal  when  it  has  been 
impossible  to  channel  through  the  bin,  which  is  preferred  when 
practicable. 

These  samples  vary  from  100  pounds  to  500  pounds,  accord- 
ing to  the  amount  of  coal  delivered.  The  coal  is  collected  on 
shovels  in  such  a  manner  as  to  represent  the  delivery  as  closely  as 
possible,  and  is  placed  in  closed  cans,  each  holding  about  60  pounds 
which  are  locked  when  filled.  These  samples  are  then  sent  to  the 
laboratory  crushing  room  in  the  Geological  Survey  building  and 
crushed  in  a  small  rotary  crusher  to  |-in.  pieces  or  smaller.  The 
crushed  coal  is  automatically  divided  into  quarters  by  passing 
through  a  special  sampling  tube  designed  by  the  chemical  division. 
The  resulting  sample  is  further  reduced  by  quartering  until  a  quart 
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sample  is  secured.     Precaution  is  taken  throughout  the  work  to 
prevent  loss  of  moisture. 

The  following  detailed  analyses  (Table  I)  are  given  for 
departments  from  which  a  number  of  samples  were  taken  and 
represent  the  several  sizes  used.  It  will  be  noted  that  the  variations 
in  quality  of  the  anthracite  coal  increase  as  the  size  decreases. 


Table  I. — ^Analyses  Representing  Total  Coal  Sampled  at 
Government  Buildings  in  Washington,   1907. 


Average 
Analysis. 


Moisture,  coal  as  received, 

Dry  coal — 

Vol.  comp 

Fix.  carbon 

Ash 

Sul.  Dry  coal 

B.T.U.  Dry  coal 

B.T.U.  as  received 

Moisture,  coal  as  received 

Dry  coal — 

Vol.  comp , 

Fix.  carbon 

Ash , 

Sul.  Dry  coal , 

B.T.U.  Dry  coal 

B.T.U.  as  received 


Highest 
B.  T.  U. 
Analysis. 


Lowest 
B.T.U. 
Analysis. 


Furnace  Coal,  102  Samples. 


4.08 

4.01 

2.42 
87.14 
10.44 

2.71 

88.96 

8.33 

100 .00 

100.00 

0.79 

0.8s 

13,408 

13.396 

I2,86r 

13.435 

4.  26 

2.37 
84.90 
12-73 

100 .00 

0.81 

12,871 

12,323 


Pea  Coal,  19  Samples. 


4.81 


3-02 

80.94 
16.04 


12,487 
11,886 


3.07 
82.16 
14-77 

100 .00 

1  .01 

12,83s 

12,399 


3-50 
78-75 
17-75 

100 .00 

I. OS 

12,160 

11,603 


Average    ^'^^""P 
Analysis.,  B^Ty^j- 


Lowest 
B.T.U. 
Analysis. 


Egg  Coal,  21  Samples. 


4.  i6 

3.10 
86.33 
10.57 

100 .00 

0.98 

13,523 

12,961 


3-64 

3 -60 

87  .00 

9.40 

100 .00 

0.94 

13.793 

13.291 


1-93 

86.27 
11.80 

100 .00 

o .  76 

13.143 

12,524 


Buckwheat  Coal,  17  Samples. 


2.42 
79-53 
18.0s 

100 .00 

0.68 

12,107 

11,48s 


4.60 

2.87 
81. s6 
15-57 

100 .00 

o.  62 

12,545 

11,968 


2.41 
76.3a 
21 .27 

100 .00 

o  .67 

1 1.574 

10,959 


Assuming  that  the  value  of  anthracite  coals  for  generating 
steam  depends  on  the  heating  value  of  the  coal,  /.  e.,  that  the  coals 
may  all  be  burned  with  equal  efficiency,  the  several  contracts 
have  been  calculated  to  determine  the  number  of  heat  units  in  the 
"coal  as  received"  for  one  cent;  thereby  indicating  the  relative 
values  of  the  different  sizes  and  grades  of  coal.     See  Table  11. 
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It  is  becoming  more  and  more  ditTicull  lo  secure  sufficient 
anthracite  coal  at  prices  which  correspond  favorably  with  the 
prices  for  bituminous  coal.  At  the  same  time,  there  is  now  but 
little  bituminous  coal  burned  in  the  government  buildings  in 
Washington  on  account  of  the  difficulty  of  preventing  smoke  with 
the  present  equipment,  much  of  which  is  old  and  inefficient. 

The  Fuel-Testing  Division  of  the  Geological  Survey  is  about 
to  conduct  at  Norfolk  a  series  of  experiments  on  boiler  furnaces 
with  bituminous  coal  to  determine  a  number  of  important  factors, 
among  which  is  the  possibility  of  burning  such  coal  without  smoke 
in  three  types  of  furnaces,  viz.,  one  hand-fired  with  special  fire- 
brick combustion  chamber  and  automatic  air  admission,  one 
mechanical  stoker  of  the  underfeed  type,  and  one  mechanical 
stoker  of  the  overfeed  type.  All  of  these  furnaces  are  to  be  set 
in  relation  to  the  boilers  in  the  most  favorable  manner  to  secure 
complete  combustion.  The  results  of  these  experiments  will  be 
of  importance  not  only  to  the  government  but  to  the  entire  com- 
mercial interest  of  the  country. 

[For  Discussion  of  this  paper,  see  page  572.] 


THE  PURCHASE   OF  COAL   UNDER   SPECIFICATION. 

By  J.  E.  WOODWELL. 

The  recent  general  recognition  of  the  importance  of  perfecting 
the  equipment  and  method  of  operation  of  the  Dower  plant  has 
resulted  in  awakening  a  wide  interest  in  the  problems  relating  to 
the  selection,  purchase  and  utilization  of  coal. 

With  the  present  knowledge  of  the  proper  methods  of  burning 
coal  under  the  boiler,  nearly  all  of  the  coals  commercially  obtain- 
able may  be  utilized  under  appropriate  conditions  and  with  an. 
equipment  especially  suited  to  the  purpose,  with  a  fair  degree  of 
efficiency,  a  proportionately  equal  return  being  secured  from  coals 
of  lower  grade.  The  use  of  many  kinds  of  coal  is  influenced  by 
the  distance  from  the  mine  to  a  given  market,  or,  in  other  w^ords,  is 
dependent  upon  transportation  rates.  Certain  coals  are  not 
applicable  by  reason  of  anti-smoke  ordinances  or  regulations, 
though  such  restrictions  are  more  often  apparent  than  real,  for 
with  properappliances  many  coals  now  rejected  may  be  burned  with- 
out producing  objectionable  smoke.  The  coal  used  by  the  na\y 
and  merchant  marine  should  yield  a  maximum  heat  per  pound, 
or,  what  is  more  to  the  point,  must  give  the  greatest  steaming  radius 
with  a  minimum  of  storage  capacity.  Some  coals  are  selected  for 
their  gas-producing  qualities,  freedom  from  sulphur,  etc.;  others 
for  their  coking  properties. 

It  is  within  the  province  of  the  mechanical  engineer  to  plan 
and  install  the  furnace  equipment  in  order  to  utilize  that  coal  or 
class  of  coal  among  those  available  which  will  produce  the  greatest 
return  for  the  net  cost.  When  the  kind  of  coal  has  been  decided 
upon  it  is  the  duty  of  the  purchasing  agent  to  contract  for  that 
fuel  under  expHcit  terms  which  will  be  fair  both  to  the  producer  or 
dealer  and  the  consumer. 

It  is  the  purpose  of  this  paper,  first,  to  outline  briefly  some  of 
the  features  of  a  number  of  specifications  in  general  use,  and 
second,  to  present  the  specifications  which  have  been  recently 
adopted  by  a  number  of  departments  of  the  government. 

In  the  evolution  of  specifications  for  coal  the  oldest  and  most 
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familiar  requirement  is  that  the  coal  of  specified  name  shall  be 
(leH\ered  from  a  given  mine  or  district  of  known  reputation. 
Without  other  technical  conditions,  such  a  contract  neither  takes 
accoimt  of  the  ine\dtable  variations  in  the  quality  of  the  coal 
in  the  designated  mine  or  group  of  mines,  nor  does  it  recognize 
ths  important  influence  of  methods  of  mining,  cleaning  and  sizing 
the  coil  upon  its  quality.  Moreover,  it  is  frequently  not  practi- 
cable either  to  secure  the  continuous  delivery  of  coal  from  a  given 
colliery  or  district  throughout  the  life  of  a  contract  or  to  determine 
the  compliance  with  this  single  condition  which  forms  the  essence 
of  the  contract.  Among  the  other  defects  which  the  plan  of  pur- 
chase upon  the  reputation  of  a  mine  has  in  common  with  nearly 
all  other  methods  not  based  upon  a  specification  covering  calorific 
value  and  other  features,  is  the  lack  of  any  definite  basis  for  the 
rejection  of  unsatisfactory  coal  or  for  inferior  coal  necessarily 
consumed. 

In  practice  coals  of  the  same  class  not  only  vary  widely  in 
different  localities,  but  in  the  same  mine,  and  these  variations  may 
result  from  differences  in  quality  in  the  same  or  different  beds,  or 
in  the  methods  employed  in  mining,  cleaning  and  sizing  the  coal. 
In  the  case  of  anthracite  coal  it  is  often  the  practice  to  dump  the 
output  of  a  large  number  of  mines  producing  coal  of  different 
heating  values  and  ash  contents  into  a  central  yard,  from  which 
it  is  shipped  to  dealers  and  consumers  as  a  mixture.  Under  such 
conditions  uniformity  cannot  be  expected,  and  when  coal  of  the 
desired  quality  is  secured  it  is  the  result  of  chance.  Even  with  the 
best  intentions  on  the  part  of  the  operator  or  coal  merchant,  actual 
deliveries  of  coal  purporting  to  represent  the  output  of  a  given 
district  or  mine  of  reputation  will  frequently  be  greatly  at  variance 
with  the  nominal  standard  accepted  as  the  basis  of  a  contract. 
To  cite  an  illustration,  a  considerable  quantity  of  coal  actually 
fur.iished  by  a  reputable  dealer  under  terms  of  a  carefully  dra^\^l 
contract  in  which  the  name  of  the  coal  bed  from  which  deliveries 
were  to  be  made  was  specified,  actually  contained  over  forty  per 
cent,  ash  as  compared  with  an  assumed  ash  content  of  six  per  cent., 
resulting  in  a  corresponding  reduction  of  about  50  per  cent,  in 
heating  value.  Moreover,  the  coal  passed  the  visual  inspection  of 
officers  charged  with  the  duty  of  checking  the  weights,  and  of 
noting  the  presence  of  slate,  dirt,  etc.     More  evidence  of  the  above 
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character  might  be  quoted,  but  enough  has  been  said  to  make  it 
evident  that  a  contract  based  upon  securing  dehveries  from  a 
given  coal  bed  does  not  assure  the  customer  of  a  quaHty  or  heating 
value  uniform  with  the  nominal  standard,  or  protect  him  against 
the  mistakes  of  the  contractor  or  his  agent. 

Another  plan  is  to  purchase  coal  on  the  basis  of  a  standard  and 
guaranteed  analysis  and  to  permit  rejection  if  the  variation  from 
that  standard  exceeds  certain  established  limits.  The  success 
of  this  plan  depends  to  a  considerable  degree  upon  actually  secur- 
ing coal  within  the  limits  set  for  rejection,  for  in  an  important  con- 
tract, or  in  the  case  of  inadequate  storage  facihties  requiring  con- 
stant dehveries,  the  actual  rejection  of  the  coal  might  subject  the 
purchaser  to  the  greater  loss  due  to  delay  and  embarrassment  in 
replacing  the  deliver}',  while  a  forced  acceptance  of  the  inferior 
coal  without  adjustment  of  price  would  in  effect  nulHfy  the  force 
of  the  contract. 

Furthermore,  in  the  latter  case  no  comparative  basis  of  settle- 
ment would  be  provided  in  the  event  of  a  necessary  substitution  of 
another  coal  for  the  one  specified. 

Other  specifications  have  been  dra^^^l  on  the  basis  of  assigning 
limiting  values  in  the  proximate  analysis.  A  municipal  specifica- 
tion of  this  class  reads  as  follows: 


The  anthracite  coal  must  be  of  the  best  grade  white  ash  coal,  as 
free  as  possible  from  slate  pynites,  and  all  other  foreign  matter.  It  must 
contain  not  more  than  two  (2)  per  cent,  of  moisture,  not  over  ten  (10) 
per  cent,  of  volatile  carbon,  and  not  over  ten  (10)  per  cent,  of  ash.  The 
pea  coal  must  be  of  standard  size  of  not  less  than  one-half  (^)  inch  and 
must  be  free  from  buckweat  and  rice  coal. 

The  bituminous  coal  must  be  of  the  best  grade,  and  free  as  possible 
from  slate,  pyrites,  and  all  other  foreign  matter.  It  must  contain  not  over 
one  (i)  per  cefit.  of  moisture,  not  less  than  fifteen  (15)  and  not  more  than 
twenty  (20)  per  cent,  of  volatile  carbon,  and  not  over  seven  (7)  per  cent, 
of  ash,  and  not  over  one  (i)  per  cent,  of  sulphur. 

In  every  case  where  the  word  "ash"  is  used  in  this  specification  it 
means  to  include  slate,  silicon,  and  all  other  incombustible  solids  in  the 
coal. 

If  an  analysis  shows  that  the  shipments  of  coal  made  by  any  con- 
tractor do  not  come  within  these  specifications  as  to  the  proportions  of 
moisture,  volatile  carbon,  ash  or  sulphur,  as  given  in  the  second  clause  of 
these  specifications,  then  when  the  next  shipment  by  contractor  of  the 
same  class  of  coal  is  received,  an  analysis  will  be  made  of  a  sample  of  the 
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coal  at  once,  and  if  that  analysis  shows  that  the  coal  does  not  come 
within  these  specifications,  that  shipment  will  be  rejected  and  must  be 
removed  at  the  contractor's  expense. 

Another  form,  quoted  below,  also  states  the  limits  in  the 
proximate  analysis,  but  provides  in  addition  for  the  adjustment  of 
payments  on  the  basis  of  certain  variations  from  the  standard 
analysis  as  set  forth  in  detail: 

Quality  of  Coal. — The  coal  furnished  and  delivered  under  these  speci- 
fications shall  be  the  best  grade  of  bituminous  coal  free  as  possible  from 
slate,  pyrites  and  other  foreign  matter.  It  shall  contain  not  over  three 
(3)  per  cent,  of  moisture,  not  less  than  fifteen  (15)  per  cent,  or  more  than 
twenty  (20)  per  cent,  of  volatile  carbon,  not  over  eight  (8)  per  cent,  of 
ash,  and  not  over  one  and  one-half  (li)  per  cent,  of  sulphur,  and  shall  be 
subject  to  analyses  and  tests  as  outlined  below,  to  be  made  by  a  chemist 
named  by  the  water  board. 

Method  of  Sampling. — Four  or  more  large  scoops  of  coal  will  be  taken 
from  each  car  load  as  it  is  being  unloaded,  so  as  to  get  a  fairly  equal 
proportion  of  fine  and  lump  coal.  These  samples  will  be  placed  at  once 
in  a  tight  covered  barrel  in  a  cool  place. 

At  the  end  of  each  month  the  contents  of  the  barrel  will  be  dumped 
on  a  clean  floor,  all  the  lumps  reduced  to  about  the  size  of  a  walnut,  and 
thoroughly  mixed  and  quartered.  Three  (3)  quart  preserving  jars  will 
be  filled  from  one  of  the  quarters  into  which  the  pile  has  been  divided, 
jars  will  be  labeled  for  identification,  and  one  of  them  sent  to  the  chemist 
for  analysis.  The  others  will  be  kept  by  the  department  for  thirty  (30) 
days  after  the  chemist's  report. 

The  chemist  will  analyze  the  sample  sent  him,  and  deliver  to  the 
water  engineer  a  written  and  signed  report  of  the  result  of  his  analysis. 

Method  of  Analysis. — The  chemist  will  run  the  contents  of  the  final 
sample  jar  through  a  fine  set  coffee  mill  so  as  to  reduce  the  coal  to  a  proper 
condition  for  analysis. 

The  method  of  analysis  will  be  that  recommended  by  the  American 
Chemical  Society. 

Payments  and  Adjustments. — Payments  for  coal  furnished  and  de- 
livered shall  be  made  once  each  month  and  shall  be  subject  to  the  follow- 
ing alterations  from  the  contract  price  on  account  of  composition. 

1.  If  the  coal  contains  more  than  seven  (7)  per  cent,  of  ash,  the 
excess  percentage  will  be  multiplied  by  two  (2)  and  a  percentage  equal 
to  the  product  will  be  deducted  from  the  contractor's  bill. 

2.  If  the  coal  contains  less  than  seven  (7)  per  cent,  of  ash,  the  de- 
ficiency will  be  multiplied  by  two  (2)  and  a  percentage  equal  to  the  pro- 
duct will  be  added  to  the  contractor's  bill. 

3.  If  the  coal  contains  less  than  twenty  ('20')  per  cent,  of  volatile 
carbon  a  percentage  equal  to  the  deficiency  will  be  added  to  the  contrac- 
tor's bill. 
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4.  If  the  coal  contains  more  than  one  (i)  per'  cent,  of  moisture  a 
percentage  equal  to  the  excess  will  be  deducted  from  the  contractor's  bill. 

5.  If  the  coal  contains  less  than  one  (i)  per  cent,  of  moisture  a  per- 
centage equal  to  the  deficiency  will  be  added  to  the  contractor's  bill. 

Rejection. — A  sample  will  be  taken  from  every  shipment  of  coal  and 
analyzed  before  the  cars  are  unloaded.  If  the  analysis  shows  that  the 
coal  does  not  come  '^'ithin  the  limits  specified  under  the  clause  "Quality 
of  Coal"  as  to  the  proportion  of  moisture,  volatile  carbon,  ash,  or  sul- 
phur then  the  shipment  will  be  rejected  and  must  be  at  once  removed 
by  the  contractor  at  his  own  expense. 

Such  contracts  are  usually  dra^^'n  to  include  one  or  more 
specific  kinds  or  grades  of  coal  which  have  been  found  to  operate 
with  satisfactory-  economy,  under  well-estabhshed  plant  conditions. 
With  this  object  in  view,  such  a  specification  precludes  from  com- 
petition many  coals  whose  analysis  approaches,  if  it  does  not 
regularly  exceed,  the  hmiting  values. 

Turning  now  from  that  class  of  contracts  which  are  based 
entirely  upon  an  analysis  to  the  specifications  which  are  based 
more  strictly  upon  the  thermal  values  of  the  fuel,  there  are  many 
illustrations  of  the  general  recognition  of  the  necessity  of  the 
British  thermal  unit  rating  as  a  contract  standard. 

Some  of  the  largest  central  stations  and  private  corporations 
have  adopted  as  a  basis  of  coal  purchase  specifications  involving 
the  thermal  values  of  the  fuel.  A  specification  typical  of  this 
class  reads  as  follows: 

I.  The  company   agrees   to   furnish    and    deliver    to    the    consumer 

at  such    times   and  in 

such  quantities  as  ordered  by  the  consumer  for  consvimption  at  said 
premises  during  the  term  hereof,  at  the  consumer's  option,  either  or  all 
of  the  kinds  of  coal  described  below ;  said  coals  to  average  the  following 
assays : 

Kind  of  coal 

Of  size  passing  through  screen 
having  circular  perforations 
in'  diameter inches      ....  inches      ....  inches 

Of  size  passing  over  a  screen 
having  circular  perforations 
in  diameter inches      .  .  .  .inches     .  .  .  .inches 
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Per  cent,  of  moisture  in  coal  as 

delivered 


Per  cent,  of  ash  in  coal  as  de- 
livered  


British      thermal      units     per 
pound  of  dry  coal 


From  following  County 
From  following  State. . 


Coal  of  the  above  respective  descriptions  and  specified  assays  (not 
average  assays)  to  be  hereinafter  known  as  the  contract  grade  of  the 
respective  kinds. 

II.  The  consumer  agrees  to  purchase  from  the  company  all  of  the 
coal  required  for  consumption  at  said  premises  dviring  the  term  of  this 
contract,  except  as  set  forth  in  Paragraph  III  below,  and  to  pay  the 
company  for  each  ton  of  2,000  pounds  avoirdupois  of  coal  delivered  and 
accepted  in  accordance  with  all  of  the  terms  of  this  contract  at  the  follow- 
ing contract  rate  per  ton  of  each  respective  contract  grade,  at  which  rates 
the  company  will  deliver  the  following  respective  numbers  of  British 
thermal  units  for  one  cent,  the  contract  guarantee. 

Kind  of  Coal  Contract  Rate  per  Ton  Contract  Guarantee 

S Equal  to Net  B.  T.  U.  for  one  cent. 

$ Equal  to Net  B.  T.  U.  for  one  cent. 

_ $ Equal  to Net  B.  T.  U.  for  one  cent. 


Said  net  British  thermal  units  for  one  cent  being  in  each  case 
determined  as  follows:  Multiply  the  number  of  British  thermal  units 
per  pound  of  dry  coal  by  the  per  cent,  of  moisture  (expressed  in  decimals) ; 
subtract  the  product  so  found  from  the  number  of  British  thermal  units 
per  pound  of  dry  coal;  multiply  the  remainder  by  2,000  and  divide  this 
product  by  the  contract  rate  per  ton  (expressed  in  cents)  plus  one-half 
of  the  ash  percentage  (expresse.d  as  cents) . 

III.  It  is  provided  that  the  consumer  may  purchase  for  consumption 
at  said  premises  coal  other  than  herein  contracted  for  for  test  purposes, 
it  being  understood  that  the  total  of  such  coal  so  purchased,  shall  not 
exceed  five  per  cent,  of  the  total  consumption  during  the  term  of  this 
contract. 

IV.  It  is  understood  that  the  company  may  deliver  coal  hereunder 
containing  as  high  as  three  per  cent,  more  ash  and  as  high  as  three  per 
cent,  more  moisture  and  as  low  as  500  fewer  British  thermal  units  per 
pound  dry  than  specified  above  for  contract  grades. 
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V.  Should  any  coal  delivered  hereunder  contain  more  than  the  per 
cent,  of  ash  or  moisture  or  fewer  than  the  number  of  British  thermal 
units  per  pound  dry  allowed  under  Paragraph  IV  hereof,  the  consumer 
may,  at  its  option,  either  accept  or  reject  sa:ne. 

VI.  All  coal  accepted  hereunder  shall  be  paid  for  monthly  at  a  price 
per  ton  determined  by  taking  the  average  of  the  delivered  values  ob- 
tained from  the  analysis  of  all  the  samples  taken  dtuing  the  month,  said 
delivered  value  in  each  case  being  obtained  as  follows:  Multiply  the 
number  of  British  thermal  units  delivered  per  pound  of  dry  coal  bj^  the 
per  cent,  of  moisture  delivered  (expressed  in  decimals) ;  subtract  the 
product  so  found  from  the  number  of  British  thermal  units  delivered  per 
pound  of  dry  coal;  multiply  the  remainder  by  2,000  and  di\ide  this 
product  by  the  contract  guarantee,  from  the  quotient  (expressed  as 
dollars  and  cents)  subtract  one-half  of  the  ash  percentage  delivered 
(expressed  as  cents). 

Another  fonn  of  this  kind  in  force  at  this  time  and  even  more 
rigid  in  many  particulars  as  applying  to  a  particular  kind  of  coal 
virtually  specified  is  of  especial  interest  as  indicating  a  full  appre- 
ciation of  the  financial  importance  of  safeguarding  the  interests 
of  large  consumers  in  the  effort  to  secure  the  best  thermal  return 
for  the  expenditure.  The  contract  requirements  are  drawn  with  a 
view  to  procuring  a  definite  kind  of  coal  described  as  a  good 
steam,  caking,  run  of  mine,  bituminous  coal,  free  from  all  dirt 
and  excessive  dust,  a  dr\'  sample  of  which  will  approximate  the 
company's  standard  in  heat  value  and  analysis,  as  follows: 

Carbon 7 1  per  cent. 

Volatile  matter 20 

Ash 9 

II      II 

100 

Sulphur 1-5      "     " 

B.  T.  U 14. 100 

The  price  paid  by  the  company  per  ton,  per  lighter  of  coal, 
is  based  upon  a  table  of  heat  values  for  excess  or  deficiency  of  its 
standard.  This  table  places  an  arbitrary-  valuation  of  one  cent  for 
each  50  B.  T.  units  excess  or  deficiency.  (If  this  table  is  calcu- 
lated in  direct  proportion  to  the  price  of  the  coal,  that  price  would 
evidently  be  $2.82.)  In  addition  to  the  corrections  for  heating 
value  as  determined  by  a  Mahler  Bomb  calorimeter,  the   price 
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■paid  is  subject  to  deductions  for  excess  of  ash,  volatile  matter, 
sulphur  or  dust,  or  for  a  shortage  in  the  standard  lighter  quantity. 

Volatile  matter  and  ash  are  each  penalized  to  the  extent  of 
two  cents  per  ton  for  each  half  of  one  per  cent,  above  the  standard, 
while  excess  of  sulphur  is  penalized  to  the  extent  of  six  cents  per 
ton  for  the  first  quarter  of  one  per  cent,  excess  and  four  cents  per 
ton  for  each  succeeding  quarter  of  one  per  cent,  up  to  2.5  per  cent., 
above  which  a  deduction  of  twenty  cents  per  ton  is  made.  A 
further  deduction  of  seven  cents  per  ton  is  made  if  any  lighter  of 
coal  delivered  at  the  company's  docks  contains  less  than  700 
tons. 

With  respect  to  business  clauses  the  contract  is  carefully 
drawn,  and  such  subjects  as  bond,  payments,  deliveries,  docking, 
towing  and  demurrage,  and  method  of  sampling,  testing  and  arbi- 
trating test  results  are  all  explicitly  covered.  The  amount  of  coal 
consumed  by  this  Company,  over  350,000  tons  per  annum,  valued 
at  about  a  million  dollars,  undoubtedly  fully  justifies  such  elaborate 
contract  conditions. 

For  the  average  consumer,  however,  a  much  simpler  form 
involving  corrections  for  variation  in  heat  units  and  ash  only, 
may  afford  adequate  protection.  As  a  result  of  experience  gained 
in  the  purchase  and  testing  of  coal  for  the  government  buildings 
located  in  all  parts  of  the  country  combined  with  the  broad  techni- 
cal knowledge  of  the  subject  gained  by  the  Fuel  Testing  Division 
of  the  U.  S.  Geological  Survey,  which,  under  the  direction  of 
Mr.  J.  A.  Holmes,  has  actively  and  most  effectively  co-operated 
in  the  matter,  a  broad  contract  form  has  been  developed  (see 
Appendix).  After  its  prehminary  preparation  it  was  carefully 
reviewed  by  prominent  coal  dealers,  engineers,  private  cor- 
porations and  others  interested  in  the  subject,  who,  as  a  rule 
adjudged  it  to  be  fair  and  just  to  both  parties.  A  meeting  of 
the  National  Advisory  Board  for  Fuels  and  Structural  Materials 
appomted  by  the  President  was  then  called  to  consider  the  subject, 
rnd  after  certain  modifications  in  form  and  arrangement  its 
adoption  was  recommended.  The  specification  is  drawn  up  so 
as  to  enable  users  to  describe  the  class  of  coal  desired,  which  may 
be  anthracite  or  bituminous,  and  in  the  latter  case  with  such  propor- 
tion of  volatile  matter  as  will  include  either  eastern  or  western 
varieties  as  may  be  demanded.  *  Unlike  some  of  the  specifications 
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which  have  been  d^a^vn  with  special  reference  to  a  particular  kind 
of  coal,  this  form  has  been  made  sufficiently  flexible  to  meet  the 
var\'ing  requirements  due  to  different  locations  throughout  the 
United  States  and  also  the  special  needs  of  the  local  equipment. 

Under  this  plan  also,  bids  may  be  secured  for  a  number  of 
classes  of  coal  procurable  in  a  given  market,  and  then  compared 
with  a  view  to  selecting  the  one  showing  the  highest  economic 
value.  What  is  actually  desired  is  not  necessarily  the  cheapest 
or  the  highest  grade  of  coal  per  se,  but  the  coal  which  will  insure 
the  greatest  net  economy  in  plant  operation,  and  to  attain  this 
object  it  appears  undesirable  to  establish  an  absolute  standard  for 
the  fuel  which  would  tend  to  limit  the  sources  of  supply. 

It  is  intended  to  establish  limits  which  are  wide  enough  in  any 
case  to  permit  the  use  of  the  output  of  any  mine  or  group  of  mines, 
provided  proper  care  is  exercised  in  mining  and  picking  out  slate, 
bone,  etc.  With  these  points  in  mind  it  is  only  necessar}'-  for  the 
bidder  to  select  coal  for  his  proposal  which  will  meet  the  descrip- 
tion given  and  permit  dehveries  within  the  limits  set.  The  bidder 
is  also  required  to  state  the  heating  value  of  the  coal  as  delivered 
in  British  thermal  units  and  the  percentage  of  ash  in  dry  coal, 
with  a  view  to  the  use  of  such  statements  as  a  basis  for  payment 
in  connection  with  the  stated  price  per  ton.  It  is  expected  that  the 
standard  thus  established  by  the  contractors  will  be  such  as  to 
require  the  least  correction  applying  to  dehveries  for  variations 
in  heat  units  and  ash,  but  is  not  expected  that  all  deliveries  will 
be  absolutely  uniform,  or  agree  exactly  with  the  standard.  It  is 
necessar}',  however,  that  all  dehveries  shall  be  within  fixed  maxi- 
mum hmits. 

The  heating  value,  expressed  in  British  thermal  units  of  coal 
containing  approximately  the  same  percentage  of  ash  is  essentially 
a  direct  measure  of  the  actual  value  to  the  purchaser,  and  for  this 
reason  the  specifications  provide  for  an  adjustment  of  payment 
in  direct  proportion  to  the  variation  in  heat  units  in  the  coal  as 
received.  As  the  coal  is  weighed  when  deHvered  and  the  payments 
are  based  also  upon  the  price  per  ton,  it  is  necessar}'  to  determine 
the  heating  value  of  the  coal  in  the  condition  in  which  it  is  received 
containing  whatever  moisture  may  be  present  at  the  time. 

A  further  correction  in  payment  will  be  made  for  variation  of 
the  ash  in  dry  coal  in  order  to  take  account  of  the  cost  of  hcndhng 
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additional  fuel  and  ash  and  its  effect  on  the  capacity  of  the  boiler 
and  furnace. 

The  system  of  sampling,  analyzing,  and  testing  coal  delivered 
under  the  government  contracts  will  be  under  the  supervision  of 
the  Fuel  Testing  Division  of  the  Geological  Survey,  in  order  to 
insure  reliabiHty  and  impartiahty. 

The  appUcation  of  this  system  will  not  only  enable  the  award 
of  a  contract  to  be  made  in  an  equitable  manner,  but  will  also 
remove  many  of  the  usual  causes  for  dispute  as  to  the  character 
and  quality  of  the  coal  subsequently  delivered,  and  provide  a 
satisfactory  basis  for  the  adjustment  of  payments  for  differences 
in  quality  in  favor  of  the  party  in  whose  interest  it  is  due. 

It  is  believed  that  the  enforcement  of  the  provisions  of  the 
specifications  will  operate  equitably  both  with  respect  to  the  govern- 
ment and  to  the  contractor,  inasmuch  as  a  premium  is  provided 
as  well  as  penalty,  and  will  guarantee  adequate  protection  to  each 
party.  Many  coal  dealers  have  already  signified  their  willingness 
to  furnish  coal  on  this  basis,  and  have  commended  as  well  as 
indorsed  the  method. 

As  to  the  necessity  for  some  such  system,  experience  in  apply- 
ing a  specification  which  penalizes  a  deficiency  in  heating  value 
only,  has  developed  an  average  deficiency  of  about  3.5  per  cent., 
which  on  contracts  aggregating  $200,000  represents  the  sum  of 
$7,000  of  which  not  more  than  $1,000  can  be  charged  for  testing. 
Individual  dehveries  have  in  practice  as  mentioned  before,  shovm 
as  high  as  47  per  cent,  of  ash  on  a  contract  standard  of  about  6  per 
cent.,  and  less  than  one  half  of  the  stipulated  heating  value.  Under 
the  accompanying  specifications  coal  of  this  sort  would  be  subject 
to  rejection,  or,  if  used,  would  not  command  a  payment  adequate 
to  reimburse  the  contractor  for  the  cost  of  cartage  alone.  It  is 
also  doubtful  if  such  coal  is  of  sufficient  value  to  the  user  to  repay 
the  cost  of  firing  and  the  subsequent  handhng  of  ashes. 

This  system  of  coal  purchase  has  been  established  by  the 
government  for  economic  gain  and  it  has  been  applied,  therefore, 
with  discrimination  as  to  the  size  of  the  contract  which  will  warrant 
such  procedure.  In  general  it  has  been  justified  practically  on 
contracts  exceeding  $2,000  in  value,  though  other  factors  than 
price  frequently  influence  the  choice  of  methods  of  purchase,  such 
as  limited  competition,  availability  of  coal  market,  etc. 
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Experience  in  the  use  of  this  method  shows  that  frequently 
the  correction  for  moisture  influences  the  heating  values  of  coal 
quite  as  much  as  variation  in  the  ash  content.  In  adjusting  pay- 
ments, therefore,  on  the  basis  of  the  coal  as  received  by  the  con- 
sumer the  brunt  of  the  proposition  is  thrown  upon  the  dealer  who 
should  make  conservative  allowance  for  probable  variations  in 
establishing  the  contract  standard. 

In  certain  instances  bidders  have  submitted  samples  of  coal 
with  bids  with  a  view  to  using  the  results  of  analysis  and  test  as  a 
contract  guarantee.  In  such  cases,  under  the  stress  of  competition 
in  quality,  as  well  as  price  of  the  coal,  it  is  to  be  expected  that  a 
sample  would  be  of  exceptional  rather  than  average  quality.  In 
other  instances,  in  which  the  contract  liability  assumed  in  stating 
heating  values  has  developed  a  lack  of  knowledge  of  the  perform- 
ance of  the  fuel  on  the  part  of  the  bidder,  the  contract  standard 
is  so  underrated  as  to  result  in  a  continuous  increase  in  price  by 
the  payment  of  premiums. 

In  conclusion  it  seems  proper  to  emphasize  the  importance  of 
bringing  about  a  better  understanding  between  the  producer  and 
the  consumer,  in  order  that  the  coal  operator  may  understand  how 
to  market  his  product  directly  or  through  a  local  dealer  with  refer- 
ence to  the  intrinsic  value  to  the  user,/.  ^.,the  thermal  and  economic 
values  of  the  fuel. 

The  general  application  of  this  specification  depends  upon 
the  co-operation  between  the  mine  operator  and  the  dealer,  so  that 
the  operator  may  receive  the  benefit  from  high  quaHty  and  stand 
for  the  loss  due  to  shipment  of  inferior  coal. 

The  success  of  this  method  also  depends  in  a  large  measure 
upon  the  knowledge  possessed  by  the  mine  operator  or  dealer  of 
the  characteristics  of  the  coal  handled  and  upon  the  ability  to 
control  the  variations  in  quality  due  to  methods  of  mining  and 
cleaning. 

That  the  plan  is  entirely  feasible  when  entered  into  by  botli 
parties  with  a  full  understanding  of  the  conditions  is  evidenced 
by  a  large  number  of  government  contracts  which  have  recently 
been  secured  upon  this  basis,  in  which  the  nominal  price  per  ton 
does  not  exceed  that  charged  for  similar  deliveries  made  without 
specification. 


Appendix. 

SPECIFICATION  AND  PROPOSAL   FOR  SUPPLYING 

COAL. 

United  States 

,  190. 

PROPOSAL. 

Sealed  proposals  will  be  received  at  this  office  until  2  o'clock  p.  m. 

190 .. ,  for  supplying  coal  to  the  United  States 

building   at as   follows : 


The  quantity  of  coal  stated  above  is  based  upon  the  previous  annual 
consumption,  and  proposals  must  be  made  upon  the  basis  of  a  delivery  of 
10  per  cent,  more  or  less  than  this  amount,  subject  to  the  actual  require- 
ments of  the  service. 

Proposals  must  be  made  on  this  form,  and  include  all  expenses  inci- 
dent to  the  delivery  and  stowage  of  the  coal,  which  must  be  delivered  in 
such  quantities,  and  at  such  times  within  the  fiscal  year  ending  June  30, 
190  ,  as  may  be  required. 

Proposals  must  be  accompanied  by  a  deposit  (certified  check,  when 
practicable,  in  favor  of  )   amounting  to   10 

per  cent,  of  the  aggregate  amount  of  the  bid  submitted,  as  a  guaranty  that 
it  is  bona  fide.  Deposits  will  be  returned  to  unsuccessful  bidders  imme- 
diately after  award  has  been  made,  but  the  deposit  of  the  successful  bidder 
will  be  retained  until  after  the  coal  shall  have  been  delivered,  and  final 
settlement  made  therefor,  as  security  for  the  faithful  performance  of  the 
terms  of  the  contract,  with  the  understanding  that  the  whole  or  a  part 
thereof  may  be  used  to  liquidate  the  value  of  any  deficiencies  in  quality 
or  delivery  that  may  arise  under  the  terms  of  the  contract. 

When  the  amount  of  the  contract  exceeds  Sio.ooo,  a  bond  may  be 
executed  in  the  sum  of  25  per  cent,  of  the  contract  amount,  and  in  this 
case,  the  deposit  or  certified  check  submitted  with  the  proposal  will  be 
returned  after  approval  of  the  bond. 
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The  bids  will  be  opened  in  the  presence  of  the  bidders,  their  repre- 
sentatives, or  such  of  them  as  may  attend,  at  the  time  and  place  above 
specified. 

In  determining  the  award  of  the  contract,  consideration  will  be  given 
to  the  quality  of  the  coal  offered  by  the  bidder,  as  well  as  the  price  per  ton, 
and  should  it  appear  to  be  to  the  best  interests  of  the  Government  to 
award  the  contract  for  supplying  coal  at  a  price  higher  than  that  named 
in  lower  bid  or  bids  received,  the  award  will  be  so  made. 

The  right  to  reject  any  or  all  bids  and  to  waive  defects  is  expressly 
reserved  by  the  Government. 

♦DESCRIPTION  OF  COAL  DESIRED. 
Bids  are  desired  on  coal  described  as  follows : 


Coals  containing  more  than  the  following  percentages,  based  upon 
dry  coal,  will  not  be  considered: 

Ash per  cent . 

Volatile  matter per  cent. 

Sulphur per  cent. 

tDust  and  fine  coal   as   delivered  at 

point  of  consumption per  cent . 

DELIVERY. 

The  coal  shall  be  delivered  in  such  quantities  and  at  such  times  as  the 
Government  may  direct. 

In  this  connection,  it  may  be  stated  that  all  the  available  storage 
capacity  of  the  coal  bunkers  will  be  placed  at  the  disposal  of  the  contractor 
to  facilitate  delivery  of  coal  under  favorable  conditions. 


*  Note. — This  information  will  be  given  by  the  Government  as  may 
be  determined  by  boiler  and  furnace  equipment,  operating  conditions, 
and  the  local  market. 

fNoTE. — All  coal  which  will  pass  through  a  |-inch  round-hole 
screen. 


55^  WOODWELL   ON    PURCHASE    OF    COAL. 

After  verbal  or  written  notice  has  been  given  to  deliver  coal  under 
this  contract,  a  further  notice  may  be  served  in  writing  upon  the  con- 
tractor to  make  delivery  of  the  coal  so  ordered  within  twenty-four  hours 
after  receipt  of  said  second  notice. 

Should  the  contractor,  for  any  reason,  fail  to  comply  with  the  second 
request  the  Government  will  be  at  liberty  to  buy  coal  in  the  open  market, 
and  to  charge  against  the  contractor  any  excess  in  price  of  coal  so  pur- 
chased over  the  contract  price. 


SAMPLING. 

Samples  of  the  coal  delivered  will  be  tal^en  by  a  representative  of  the 
Government. 

In  all  cases  where  it  is  practicable,  the  coal  will  be  sampled  at  the 
time  it  is  being  delivered  to  the  building.  In  case  of  small  deliveries,  it 
may  be  necessary  to  take  these  samples  from  the  yards  or  bins.  The 
sample  taken  will  in  no  case  be  less  than  the  total  of  one  hundred  (loo) 
pounds,  to  be  selected  proportionally  from  the  lumps  and  fine  coal,  in 
order  that  it  will  in  every  respect  truly  represent  the  quantity  of  coal  under 
consideration. 

In  order  to  minimize  the  loss  in  the  original  moisture  content  the 
gross  sample  will  be  pulverized  as  rapidly  as  possible  until  none  of  the 
fragments  exceed  J  inch  in  diameter.  The  fine  coal  will  then  be  mixed 
thoroughly  and  divided  into  four  equal  parts.  Opposite  quarters  will  be 
thrown  out,  and  the  remaining  portions  thoroughly  mixed  and  again 
quartered,  throwing  out  opposite  quarters  as  before.  This  process  will  be 
continued  as  rapidly  as  possible  until  the  final  sample  is  reduced  to  such 
amount  that  all  of  the  final  sample  thus  obtained  will  be  contained  in  the 
shipping  can  or  jar  and  sealed  air-tight. 

The  sample  will  then  be  forwarded  to 


If  desired  by  the  coal  contractor,  permission  will  be  given  to  him,  or 
his  representative,  to  be  present  and  witness  the  quartering  and  prepara- 
tion of  the  final  sample  to  be  forwarded  to  the  Government  laboratories. 

Immediately  on  receipt  of  the  sample,  it  will  be  analyzed  and  tested 
by  the  Government,  following  the  method  adopted  by  the  American  Chem- 
ical Society,  and  using  a  bomb  calorimeter.  A  copy  of  the  result  will  be 
mailed  to  the  contractor  upon  the  completion  thereof. 


CAUSES  FOR  REJECTION. 

A  contract  entered  into  under  the  terms  of  this  specification  shall  not 
be  binding  if,  as  the  result  of  a  practical  service  test  of  reasonable  duration, 
the  coal  fails  to  give  satisfactory  results  due  to  excessive  clinkering,  or  to 
a  prohibitive  amount  of  smoke. 
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It  is  understood  that  the  coal  delivered  during  the  year  will  be  of  the 
same  character  as  that  specified  by  the  contractor.  It  should,  therefore, 
be  supplied,  as  nearly  as  possible,  from  the  same  mine  or  group  of  mines. 

Coal  containing  percentages  of  volatile  matter,  sulphur,  and  dust 
higher  than  the  limits  indicated  on  page  555,  and  coal  containing  a  per- 
centage of  ash  in  excess  of  the  maximum  limits  indicated  in  the  following 
table  will  be  subject  to  rejection. 

In  the  case  of  coal  which  has  been  delivered  and  used  for  trial,  or 
which  has  been  consumed  or  remains  on  the  premises  at  the  time  of  the 
determination  of  its  quality,  payment  will  be  made  therefor  at  a  reduced 
price  computed  under  the  terms  of  this  specification. 

Occasional  deliveries  containing  ash  up  to  the  percentage  indicated 
in  the  column  of  "Maximum  limits  for  ash,  "  on  page  558,  may  be  accepted. 
Frequent  or  continued  failure  to  maintain  the  standard  established  b}^  the 
contractor,  however,  will  be  considered  sufficient  cause  for  cancelation  of 
the  contract. 

PRICE  AND  PAYMENT.* 

Payment  will  be  made  on  the  basis  of  the  price  named  in  the  proposal 
for  the  coal  specified  therein,  corrected  for  variations  in  heating  value 
and  ash,  as  shown  by  analysis,  above  and  below  the  standard  established 
by  contractor  in  this  proposal.  For  example,  if  the  coal  contains  two  (2) 
per  cent.,  more  or  less,  British  thermal  units  than  the  established  standard, 
the  price  will  be  increased  or  decreased  two  (2)  per  cent,  accordingly. 

The  price  will  also  be  further  corrected  for  the  percentages  of  ash. 
For  all  coal  which  by  analysis  contains  less  ash  than  that  established  in 
this  proposal  a  premium  of  i  cent  per  ton  for  each  whole  per  cent .  less  ash 
will  be  paid.  An  increase  in  the  ash  conLent  of  two  (2)  per  cent,  over  the 
standard  established  by  contractor  will  be  tolerated  without  exacting  a 
penalty  for  the  excess  of  ash.  When  such  excess  exceeds  two  (2)  per  cent, 
above  the  standard  established,  deductions  will  be  made  from  price  paid 
per  ton  in  accordance  with  the  following  table: 


♦Note. — The  economic  value  of  a  fuel  is  affected  by  the  actual 
amount  of  combustible  matter  it  contains,  as  determined  by  its  heating 
value  shown  in  British  thermal  units  per  pound  of  fuel,  and  also  by 
other  factors,  among  which  is  its  ash  content.  The  ash  content  not 
only  lowers  the  heating  value  and  decreases  the  capacitv  of  the  furnace, 
but  also  materially  increases  the  cost  of  handling  the  coal,  the  labor  of 
fixing,  and  the  cost  of  the  removal  of  ashes,  etc. 
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Proposals  to  receive  consideration  must  be  submitted  upon  this  form  and 
contain  all  of  the  information  requested. 

,    190.  . 

The  undersigned  hereby  agree  to  furnish  to  the  U.  S 

btailding   at the   coal  described,   in   tons  of 

2,240  pounds  each  and  in  quantity,  lo  per  cent,  more  or  less  than  that 
stated  on  page  554,  as  may  be  required  during  the  fiscal  year  ending  June 
30,  190  ,  in  strict  accordance  with  this  specification;  the  coal  to  be  deliv- 
ered in  such  quantities  and  at  such  times  as  the  Government  may  direct. 

Price  per  ton  (2,240  pounds) $ 

Commercial  name  of  the  coal 

Name  of  the  mine  or  mines 

Location  of  the  mine  or  mines 

Name  or  other  designation  of  the  coal  bed  or  vein 

Size  (indicate  information  which  will  apply) — 

Unsized Lump Run  of  mine    

(Round  1 
Square  /    ^         ^  ' 
Bar  screen. 
Data  to  establish  a  basis  for  payment: 

British  thermal  units  in  coal  as  delivered 

Ash  in  d'y  coal  (method  of  American  Chemical  Society) per  cent. 

It  is  important  that  the  above  information  does  not  establish  a 
higher  standard  than  can  be  actually  maintained  under  the  terms  of  the 
contract;  and  in  this  connection  it  should  be  noted  that  the  small 
samples  taken  from  the  mine  are  invariably  of  higher  quality  than  the 
coal  actually  delivered  therefrom.  It  is  evident,  therefore,  that  it  will 
be  to  the  best  interests  of  the  contractor  to  furnish  a  correct  description 
with  average  values  of  the  coal  offered,  as  a  failure  to  maintain  the 
standard  established  by  contractor  will  result  in  deductions  from  the 
contract  price,  and  may  cause  a  cancelation  of  the  contract,  while 
deliveries  of  a  coal  of  higher  grade  than  quoted  will  be  paid  for  at  an 
increased  price. 


Signatture : 

Address : . 

Name  of  corporation, 

Name   of  president, 

Name  of  secretary, 

Under  what  law  (state)  corporation  is  organized : 


[For  Discussion  of  this  paper,  sec  page  572.] 


METHODS  OF  TESTING  COAL. 

By  S.  S.  Voorhees. 

The  paper  on  "Purchase  of  Coal  under  Specification"  has 
shown  what  has  and  is  being  done  by  the  U.  S.  Treasury  Depart- 
ment in  supplying  coal  to  the  buildings  under  the  control  of  this 
department.  During  the  present  fiscal  year  (1906-07)  deliveries 
of  coal  have  been  systematically  tested  from  twenty-four  build- 
ings situated  in  sixteen  cities  in  all  parts  of  the  United  States.  In 
all  between  400  and  500  samples  of  coal  have  been  examined. 
The  contract  samples,  together  with  results  of  deliveries  made  at 
each  building,  are  tabulated  and  form  a  part  of  this  paper. 

The  integrity  of  any  method  of  testing  coal  depends  on  a 
satisfactory  scheme  to  secure  a  representative  sample.  Unlike 
power  plants  and  other  large  consumers  of  coal,  public  buildings 
are  usually  so  situated  as  not  to  permit  deliveries  by  belt  conveyors 
or  such  automatic  devices.  The  coal  bins  are  usually  under  the 
pavement  with  limited  headroom  so  as  to  require  wagon  deliveries 
through  coal  chutes.  The  method  requires  that  a  sheet  steel 
bucket  of  I  cu.  ft.  capacity  be  filled  with  fine  and  lump  coal  from 
every  five  wagon  loads  as  it  is  being  delivered.  These  samples 
of  about  60  pounds  are  placed  in  large  galvanized  iron  receptacles 
of  about  800  pounds  capacity  with  tightly  fitting  lids.  This  gross 
sample  will  represent  two  weeks  or  one  month  deliveries  as  the 
consumption  requires.  The  gross  sample  is  spread  out  on  a  clean 
cement  floor,  the  large  lumps  broken  down,  thoroughly  mixed  by 
shovel  and  rapidly  quartered,  opposite  quarters  rejected  and  the 
process  repeated,  breaking  down  lumps,  till  final  sample  of  about 
two  pounds  is  obtained.  This  sample  is  forwarded  to  the  labora- 
tory in  quart  milk  jars,  sealed  air  tight.  By  this  process  a  truly 
representative  sample  is  obtained  and  moisture  losses  are 
minimized. 

On  receipt  at  the  laboratory  the  contents  of  jar  are  put  through 
an  enclosed  hand  power  coffee  mill  and  broken  down  to  the  size 
of  fine  shot.     A  sample  is  taken  for  moisture  determination  and 
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bottled  air  tight.  A  final  sample  of  about  30  grams  is  obtained 
in  usual  manner  of  quartering,  and  finely  ground  in  agate 
mortar.  This  sample  is  used  for  proximate  analysis  and  calorific 
determinations. 

The  proximate  analysis  of  coal  is  more  or  less  arbitrar}'  in 
character  and  results  have  not  been  comparable.  On  account  of 
this  lack  of  unity  in  method  of  analysis  the  American  Chemical 
Society  in  1898  appointed  a  committee  to  standardize  methods  of 
coal  analysis.  This  committee  gave  a  preliminary  report  in  April, 
1898,  and  a  final  report  in  December,  1899,  which  appears  in  the 
journal  of  that  Society.  The  method  recommended  is  well  known 
to  chemists  engaged  in  this  line  of  work  and  needs  no  further  com- 
ment. Special  precautions  were  recommended  by  the  committee 
to  prevent  moisture  losses. 

Coal  from  each  general  locality  and  class  seems  to  have  a 
normal  moisture  content  as  it  is  found  in  the  mine,  and  this  amount 
is  more  or  less  constant.  The  per  cent,  of  water  varies  from  i  per 
cent,  in  the  eastern  bituminous  coal  to  40  in  the  western  Kgnites.  It 
was  further  found  that  dr}-  or  dried  coals  were  ver}-  hydroscopic 
and  took  up  water  rapidly  from  moist  air.  This  water  is  so  firmly 
held  in  the  coal  that  it  is  not  apparent,  and  only  a  portion  passes 
off  when  the  lump  coal  is  air  dried.  In  the  former  method  of 
preparation  of  sample  for  analysis,  when  no  especial  precautions 
were  taken  to  prevent  loss  of  moisture,  variable  and  often  large 
amounts  of  water  were  lost  during  the  process  of  grinding.  Con- 
sequently the  actual  determination  of  moisture  in  final  sample  was 
usually  low  for  the  mine  sample,  though  it  might  be  high  under 
certain  atmospheric  conditions.  These  points  have  been  abund- 
antly confirmed  by  the  verj^  exhaustive  work  of  the  Geological 
Survey  both  at  Washington  and  in  the  laboratories  of  the  Fuel 
Testing  Plant  at  St.  Louis  and  Columbus  under  Prof.  Lord,  and 
by  other  investigators. 

As  used  in  this  specification,  the  ash  is  calculated  to  dry  coal 
and  the  heat  units  are  calculated  to  coal  as  delivered  from  the  two 
moisture  determinations  as  outlined  above, 

Calorific  power  or  heat  value  is  the  amount  of  heat  developed 
by  the  combination  of  a  definite  amount  of  fuel  with  oxygen.  It  is 
expressed  by  the  unit  calorie  or  British  thermal  unit.  The 
calorie  is  the  amount  of  heat  absorbed  bv  unit  weight  of  water 
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when  its  temperature  is  inereased  i  degree  centigrade.  The  unit 
weight  of  water  is  either  i  gram  or  1,000  grams.  The  B.  T.  U. 
is  the  amount  of  heat  absorbed  by  one  unit  (usually  i  pound) 
when  its  temperature  is  increased  one  degree  Fahrenheit.  As  a 
unit  weight  of  the  fuel  develops  a  fixed  number  of  calories  with  the 
same  unit  weight  of  water  it  is  immaterial  what  unit  weight  of  fuel 
and  water  is  taken.  To  convert  calories  to  British  thermal 
units  it  is  only  necessar}'  to  multiply  by  the  factor  1.8,  which  is  the 
ratio  between  the  Centigrade  and  Fahrenheit  scale. 

There  are  two  general  methods  of  determining  the  calorific 
power  of  fuel,  which  may  be  called  the  direct  and  the  indirect 
method.  The  indirect  determination  is  obtained  by  calculating 
from  the  results  of  ultimate  chemical  analysis,  based  on  well-estab- 
lished values  of  the  heat  of  combustion  when  carbon,  hydrogen  and 
sulphur  are  burnt  to  their  final  products  of  carbonic  acid,  water  and 
sulphuric  acid.  The  sum  of  these  values,  less  that  part  of  the 
hydrogen  which  might  combine  with  the  oxygen  in  the  fuel  to 
form  water,  gives  the  calorific  value.  In  general,  however,  this 
calculated  value  agrees  with  direct  determination  of  heat  units  by 
the  bomb  calorimeter  on  anthracite  coals  and  cokes  to  within  one 
per  cent.  On  bituminous  coals,  high  in  complex  hydrocarbons, 
the  agreement  is  not  so  close.  This  is  due  to  inaccuracies  in 
analvsis  of  these  complex  hydrocarbons  and  resulting  variations 
in  the  assigned  value  for  heat  of  combustion.  Lord  and  Haas 
have  found  from  working  on  some  forty-four  samples  of  Pennsyl- 
vania and  Ohio  bituminous  coals  that  this  variation  amounts  to 
from  a  minus  2  to  a  plus  1.8  per  cent. 

The  direct  method  of  determining  heat  values  is  based  on 
actual  measurement  of  the  heat  produced  by  combustion.  With 
proper  design  of  apparatus  and  with  proper  precautions  and  cor- 
rections this  method  gives  the  most  accurate  results  possible  to 
attain.  It  is  used  in  fact  as  a  standard  to  determine  the 
accuracy  of  all  other  methods. 

The  two  general  types  of  calorimeters  are  those  in  which  the 
pressure  remains  constant  or  the  volume  remains  constant.  In 
the  first  type  with  constant  pressure  the  charge  is  ignited  by  means, 
usually,  of  a  fuse  in  an  atmosphere  of  oxygen,  or  is  mixed  with  a 
substance  which  yields  oxygen;  the  products  of  combustion  pass 
through  and  give  up  their  heat  to  a  known  weight  of  water  which 
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gives  the  measure  of  the  heat  developed.  Many  inaccuracies 
result  from  heat  losses  due  to  lack  of  proper  insulation  and  incom- 
plete combustion,  etc. 

The  constant  volume  or  bomb  calorimeter  is  the  instrument 
which  is  now  accepted  as  standard  in  determining  heat  values. 
In  its  original  form  as  designed  by  Berthelot,  it  consists  of  a  shell 
made  of  high  carbon  steel  capable  of  withstanding  a  pressure  of 
300  atmospheres.  The  shell  is  lined  with  platinum  to  prevent 
corrosion  from  resulting  gases.  The  bomb  is  surrounded  by  a 
known  weight  of  water.  The  vessel  containing  this  water  is 
insulated  by  an  air  space.  The  air  space  is  surrounded  by  a  jacket 
of  water  which  is  supposed  to  be  at  room  temperature,  and  this 
outside  water  jacket  is  further  protected  by  an  insulating  felt 
or  hair  covering  to  minimize  local  variation  in  outside  tempera- 
tures. The  determination  is  made  in  a  room  free  from  drafts 
or  direct  sunlight  and  of  uniform  temperature  throughout.  The 
temperature  measurements  are  made  by  a  special  thermometer 
very  sensitive  and  accurate  graduated  to  Tio"°  C.  The  readings 
are  made  through  a  telescope  at  some  distance  form  the  calori- 
meter so  as  to  avoid  errors  due  to  radiation  of  heat  from  the  body. 

The  instrument  may  be  standardized  by  several  methods: 
First,  the  combustion  of  known  weights  of  a  pure  substance  of 
accurately  known  composition  and  heat  value  such  as  sugar,  or 
naphthalene;  second,  by  calculation  from  the  specific  heat  of  the 
known  weights  of  the  metals,  used  in  the  construction  of  the  bomb; 
and  third,  by  adding  a  definite  amount  of  warm  water  at  known 
temperature  to  a  definite  amount  of  water  at  some  known  lower 
temperature  in  the  calorimeter  and  noting  the  resulting  tempera- 
ture. From  this  data  the  actual  heat  equivalent  can  be  calculated. 
The  determination  by  each  method  is  duplicated  until  satisfactory 
averages  are  obtained  and  a  mean  of  these  averages  insures  a 
figure  for  the  water  equivalent  of  the  apparatus  which  is  ver}-  near 
the  truth.  The  calorimeter  used  by  the  Treasur}'  Department  is  a 
modification  of  Berthelot  bomb  designed  by  H.  J.  Williams  of 
Boston,  and  is  especially  adapted  for  combustion  of  coal.  The 
water  equivalent  of  this  particular  bomb  is  474  grams;  1,500  grams 
of  water  are  used.  With  a  normal  coal  the  actual  rise  in  tempera- 
ture due  to  combustion  of  i  gram  is  about  4°  C. 

The  usual  method  of  compressing  powdered  sample  into 
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tablet  is  followed  witli  bituminous  coals.  With  some  of  the  western 
lignites,  high  in  ash,  combustion  will  not  take  place  if  too  great 
pressure  is  used  in  making  tablet.  Anthracite  coal  cannot  be 
compressed  into  a  tablet,  and  can  be  fired  by  addition  of  about 
.250  gram  of  a  bituminous  coal  of  known  heating  value. 

The  oxygen  is  supplied  from  two  cylinders  containing  100 
gallons  under  about  1,000  pounds  pressure.  When  the  pressure 
falls  Ijelow  300  pounds,  the  amount  required  for  a  combustion, 
the  bomb  is  filled  from  the  low-pressure  cylinder  and  the  pressure 
brought  up  to  the  required  amount  from  the  high-pressure 
cylinder.  In  this  way  all  the  oxygen  can  be  used  from  each 
cylinder.  Failures  to  fire  are  rare  and  combustion  is  complete  if 
proper  precautions  are  followed.  Determinations  are  always 
made  in  duplicate  and  almost  invariably  agree  to  within  50 
B.  T.  U.,  or  about  one-third  of  one  per  cent.  The  practice  of 
reporting  heat  values  to  the  decimal  or  even  to  the  final  whole 
number  assumes  an  extreme  accuracy  which  the  determination 
does  not  warrant.  It  would  be  far  better  and  would  not  affect 
values,  if  the  B.  T.  U.  were  reported  to  the  nearest  ten. 

In  the  following  tables  the  contract  standard  was  established 
by  test  of  sample  submitted  by  bidder.  In  a  number  of  cases 
this  sample  was  hand  picked  and  gave  too  high  a  value  for  the 
carload  or  even  the  mine  sample.  When  possible  this  standard 
was  reduced  to  a  normal  delivery  value,  if  it  was  evident  that 
the  standard  was  too  high  and  the  contractor  showed  a  desire  to 
live  up  to  the  specification. 

The  specifications  under  which  these  coals  were  tested  were 
based  on  dry  coal  and  did  not  take  into  consideration  moisture 
in  coal  as  delivered.  On  this  account  no  especial  precautions 
were  taken  to  prevent  moisture  losses  during  preparation  of  sample. 
The  figures  given  for  moisture  in  coal  as  delivered  are  probably 
I  to  2  per  cent.  low. 

[For  Discussion  of  this  paper,  see  page  572.] 
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TABLBS  SHOWING  APPROXIMATE  ANALYSES  AND  CALO- 
RIFIC VALUES  OF  COALS  DELIVERED  TO  UNITED 
STATES  GOVERNMENT  BUILDINGS  DURING  THE  FIS- 
CAL YEAR  ENDING  JUNE  30.   1907. 

.4  nthracite — Screenings. 
Furnished  to  Public  Building,  New  York  City. 


Coal  as  received. 

Contract 
standard. 

Maximum. 
January. 

Minimum. 
March. 

Average  of 
4  deliveries. 

Moisture 

1.86 

5-99 
81.03 
II  .  12 

2.65 
17.71 
69  .  60 
10  .04 

329 

3-91 

79.88 

12.92 

3-26 
10.34 
74.83 
11-57 

Vol.  hydrocarbons  .  . 

Fixed  carbon 

Ash 

B.  T.  U 

100.00% 
12,812 

100  .00% 
13.437 

100.00% 
12,673 

100.00% 
I3-050 

Furnished  to  Public  Building,  Boston,  Mass. 


Coal  as  received. 

Contract 
standard. 

Maximum. 
November. 

Minimum. 
February. 

Average  of 
9  deliveries. 

Moisture 

Vol.  hydrocarbons  .  . 

Fixed  carbon 

Ash 

3-33 
6.85 

78.57 
11.25 

4.05 

6.20 

80.10 

9-65 

3.80 
7.12 

74.97 
14. II 

3-65 
7.16 

77-65 
11:54 

B.  T.  U 

100.00% 
12,711 

100.00% 
13,198 

100.00% 
12.182 

100.00% 
12,668 

Anthracite — No.  2  Buckwheat. 
Furnished  to  Public  Building,  New  York  Citv 


Coal  as  received. 

Contract 
standard. 

Maximum. 
March. 

Minimum. 
September. 

Average  of 
7  deliveries. 

Moisture 

Vol.  hydrocarbons  .  . 

Fixed  carbon 

Ash 

4.25 
6.23 

77-85 
11.67 

100.00% 
12,513 

4.20 

3.82 

76.23 

15-75 

3-87 

7.06 

68.02 

21.05 

369 

7-33 

71.29 

17.69 

B.  T.  U 

100.00% 
11.932 

100.00% 
11,299 

100.00% 

^1-543 
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Furnished  to  Public  Building,  Brooklyn,  New  York. 


Coal  as  received. 

Contract 
standard. 

Maximum. 
December. 

Minimum. 

Average  of 
10  deliveries. 

Moisture 

4-25 
6.23 

77-85 
11.67 

100.00% 

12,514 

2-93 

7.02 

72.05 

18.00 

5-35 

5-15 

60.35 

29-15 

378 

703 

73-45 

15-74 

Vol.  hydrocarbons  .  . 

Fixed  carbon 

Ash 

B.  T.  U 

100.00% 
12,069 

100.00% 
9,887 

100.00% 
11.725 

Bituminous — Big  Vein,  Georges  Creek,  Md. 
Furnished  to  Public  Building,  Baltimore,  Md. 


Coal  as  received. 

Contract            Maximum, 
standard.            February. 

Minimum. 
March. 

Average  of 
10  deliveries. 

Moisture 

Vol.  hydrocarbons. .  . 

Fixed  carbon 

Ash 

0.99 
22.12 
72.79 

4.10 

0.38 
17.27 

75-15 
7.20 

1.02 
14.48 
74-95 

9-55 

0.86 
17.16 
73-61 

8.37 

B.  T.  U... 

100.00% 
15,061 

100.00% 
14,575 

100.00% 
14,098 

100.00% 
14,368 

Bituminous — Pocahontas  and  New  River  Districts,  West  Virginia, 
and  Georges  Creek  District,  Maryland. 

Furnished  to  Public  Building,  Boston,  Mass. 


Coal  as  received. 

Contract 
standard. 

Maximum.           Minimum. 
March.             September. 

Average  of 
9  deliveries. 

0.55 
19.05 

77-47 
2-93 

0.85                     1.40 

1. 18 

Vol.  hydrocarbons. .  . 

Fixed  carbon 

Ash 

16.62 

78-23 

4-30 

18.22 

71.86 

8.52 

18.44 

74-33 
6.05 

B.  T.  U 

100.00% 
15,113 

100.00% 
15.039 

100.00% 
14,318 

100.00% 
14,748 
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Bituminous — Illinois  Washed  Nut,  Nos.  i  and  2  mixed. 
Furnished  to  Public  Building,  Chicago,  111. 


Coal  as  received. 

Contract 
standard. 

Maximum. 

Minimum. 

Average  of 
7  deliveries. 

Moisture 

7-45 
41-38 
40.12 
1 1 .05 

6.70 
40.90 
39-94 
12.46 

11.18 
36.34 
41-30 
II. 18 

8.23 
38-36 
41.16 
12.25 

Vol.  hydrocarbons.  .  . 

Fixed  carbon 

Ash 

B.  T.  U 

100.00% 
11.850 

100.00% 
12,091 

100.00% 
11,388 

100.00% 
I  1.690 

Bituminous — Illinms  Washed  Xut,  Nos.  i  and  2  mixed. 
Furnished  to  Public  Building,  Chicago,  111. 


Coal  as  received. 

Contract 
standard. 

Maximum. 
Septembei-. 

Minimum^. 
January. 

Average  of 
1 8  deliveries. 

Moisture 

11-43 

3584 

43-78 

8-95 

10.60 

38.80 

45-32 

S-28 

8.63 

34-56 
35-40 
21 .41 

10.03 
36.40 
42.68 

Vol.  hydrocarbons. .  . 

Fixed  carbon 

Ash 

B.  T.  U 

100.00% 
11,421 

100.00% 
12,213 

100.00%   :     100.00% 
10,281      ;      11.477 

Bituminous — Screened  Lum.p,  New  River,  West  Virginia  District, 

smokeless. 

Furnished  to  Public  Building,  Cincinnati,  Ohio. 


Coal  as  received. 

Contract            Maximum.           Minimum, 
standard.             October.                 July. 

Average  of 
12  deliveries. 

Moisture    

0.72                     0.72         I           0.57 
23.01                  22.28         1         22.95 
74.90                  72.85                  71.68 

I.-J7            !               J..I!;                           J.. 80 

0  81 

Vol.  hydrocarbons. .  . 

Fixed  carbon 

Ash 

22.12 

71.70 

5-37 

B.  T.  U 

100.00% 

I508I 

100.00%         100.00% 

1 

15,07s     1     14.555 

100.00% 
14,798 
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Bituminous — New  River  and  Pocahontas,  Mine  Run,  West  Virginia 

District. 

Furnished  to  Public  Building,  Detroit,  Mich. 


Coal  as  received. 

Contract 
standard. 

Maximum. 

Minimum. 

Average  of 
4  deliveries. 

Moisture 

Vol.  hydrocarbons. .  . 

Fixed  carbon 

Ash 

0.90 
20.83 
71.60 

6.67 

100.00% 
14,533 

0-95 
22.37 
72.02 

4.66 

0.90 
24.20 
63-95 
IO-95 

1.06 
22.42 
69-39 

7-13 

B.  T.  U 

100.00% 
15,027 

100.00% 
13,867 

100.00% 
14,504 

Bituminous — Cascade  Company,  Montana  District. 
Furnished  to  Public  Building,  Helena,  Montana. 


Coal  as  received. 

Contract 
standard. 

Maximum. 
February. 

Minimum. 

Average  of 
6  deliveries. 

Moisture 

3.01 
36.61 

53-47 
6.91 

3-75 
33-05 
56-55 

6.65 

100.00% 
12,969 

2.83 
29.19 

46.73 
21.25 

365 
32.88 
52.62 
10.85 

Vol.  hydrocarbons.  .  . 

Fixed  carbon 

Ash      

B.  T.  U 

100.00% 
12,676 

100.00% 
10,711 

IOC. 00% 
12,170 

Bituminous — Screened  Lump,  Pittsburg  District,  Kansas 
Furnished  to  Public  Building,  Kansas  City,  Mo. 


Coal  as  received. 

Contract 
standard. 

Maximum. 
November. 

Minimum. 
July. 

Average  of 
II  deliveries. 

Moisture 

3-55 
36.75 
52.66 

7.04 

2.07 
35-68 
53-70 

8.55 

3.20 
34-67 
47-i6 
14-97 

3-03 

52.27 
9.91 

Vol.  hydrocarbons. .  . 

Fixed  carbon 

Ash    

B.  T.  U 

100.00% 
13,553 

100.00% 
13,626 

100.00% 
12,161 

100.00% 
13.123 
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Coal  as  received. 

Contract 
standard. 

Maximum.            Minimum. 
September.     |         March. 

Average  of 
9  deliveries. 

Moisture 

3.58 
40.88 

47-33 
8.21 

1-53 
40.32 
48.16 

9.99 

6.30 
33-97 
47.73 
12.00 

5-43 
37-17 
46,44 
10.96 

Vol.  hydrocarbons. .  . 

Fixed  carbon 

Ash 

B.  T.  U 

100.00% 
12,450 

100.00% 
12,652 

100.00% 
11,483 

100.00% 
12,115 

Bituminous — Youghiogheny  District,  Pennsylvania  Screenings. 
Furnished  to  Public  Building,  Milwaukee,  AVis. 


Coal  as  received. 

Contract 
standard. 

Maximum. 
December. 

Minimum. 
January. 

Average  of 
6  deliveries. 

Moisture 

Vol.  hydrocarbons.  .  . 

Fixed  carbon 

Ash 

I.OI 
32.40 
56.30 
10.29 

1.45 
32.75 
56.85 

8.95 

3.IO 
33.19 
51-50 
12.21 

1.66 
31.98 
5558 
10.78 

B.  T.  U 

100.00% 
13.393 

100.00% 
13.789 

100.00% 
12,813 

100.00% 
13,260 

Bituminous — Centre  County  District,  Pennsylvania. 
Furnished  to  Public  Building,  New  York  City. 


Coal  as  received. 

Contract 
standard. 

Maximum. 
March. 

Minimum. 
January. 

Average  of 
9  deliveries. 

Moisture 

Vol.  hydrocarbons. .  . 

Fixed  carbon 

Ash 

0.55 
23.03 
71.64 

4.78 

0.90 
19.85 

73.25 
6.00 

2.00 
16.90 
70.91 
10.19 

1.32 
20.06 

70.59 
8.03 

B.  T.  U 

100.00% 
14,969 

100.00% 
14,763 

100.00% 
i3,67i 

100.00% 
14.256 
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Bituminous — Centre  County  District,  Pennsylvania. 
Furnished  to  Public  Building,  New  York  City. 


Coal  as  received. 

Contract 
standard. 

Maximum.            Minimum.           Average  of 
November.                July.              10  deliveries. 

Moisture 

Vol.  hydrocarbons. .  . 

Fixed  carbon 

Ash 

0-5S 
23-03 
71.64 

4.78 

0.74 
21.86 
70.70 

6.70 

I-I3 
13-58 
39.06 
46.23 

0-93 
20.67 
66.82 
11.58 

B.  T.  U 

100.00% 
14,969 

100.00%' 
14,748 

100.00% 
7.685 

100.00% 
13,782 

Bituminous — Warrior  Basin,  Alabama. 
Furnished  to  Public  Building,  New  Orleans,  La. 


Coal  as  received. 

Contract 
standard. 

Maximum. 
November. 

Minimum. 
January. 

Average  of 
9  deliveries. 

Moisture 

Vol.  hydrocarbons. .  . 

Fixed  carbon    

Ash 

0.65 
3 1  40 
64.12 

3-83 

100.00% 
14,788 

0.96 
30.29 
62.92 

5-83 

100.00%. 
14,631 

113 
28.63 
60.52 

9.72 

0.97 
29..27 

61.66 
8.10 

B    T    U 

100.00% 
13,878 

100.00% 
14,197 

Bituminous — Pittsburg  District,  Kansas. 
Furnished  to  Public  Building,  Omaha,  Neb. 


Coal  as  received. 


Moisture 

Vol.  hydrocarbons 

Fixed  carbon 

Ash 


B.  T.  U., 


Contract 
standard. 


2.41 
38.27 
5440 

4.92 

100.00% 
14,159 


Mine  sample 
taken  by 
Geological 
Survey  to 

establish  new 
standard. 


2-45 
34.15     . 
52.60 
10.80 

100.00% 

13,260 


Maximum.  I  Minimum. 
September.     October. 


2.85 

35-15 
50.90 
1 1 .10 

100.00% 
13-034 


2.65 
28.64 

42.59 
26.12 

100.00% 

10,628 


Average 

of  5 
deliveries. 


4-17 
31.69 

47.87 
16.27 

100.00% 

12,185 
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Bituminous — Centre  County  District,  Pennsylvania. 
Furnished  to  Public  Building,  Philadelphia,  Pa. 


Coal  as  received. 

Contract 
standard. 

Maximum. 
December. 

Minimum. 
August. 

Average  of 
9  deliveries. 

Moisture 

Vol.  hydrocarbons. .  . 

Fixed  carbon 

Ash 

0.54                    0.70 
22.66                  22.80 
69.20         1         69.80 

7.60                    6.70 

0.65 

21.80 
65.70 
11.85 

100.00% 

13,826 

0.71 
21.96 
68.94 

8-39 

B.  T.  U 

100.00% 
14,616 

100.00% 
14,820 

100.00% 
14,386 

Bituminous — B.  B.  Lump,  Illinois  Coal,  Illinois. 
Furnished  to  Public  Building,  St.  Louis,  Mo. 


Coal  as  received. 

Contract 
standard. 

Maximum. 
September. 

Minimum. 
December. 

Average  of 
10  deliveries. 

Moisture 

Vol.  hydrocarbons. .  . 

Fixed  carbon 

Ash 

7-74 
42.97 
41.41 

7.88 

8.60 
40.15 

39-55 
11.70 

5-90 
35-28 

3647 
22.35 

7.40 

35-17 
41.85 
15.58 

B.  T.  U 

100.00% 
12,087 

100.00% 
11,495 

100.00% 
10,472 

100.00% 
I  1,092 

Bituminous — New  River  District,  West  Virginia. 
Furnished  to  Public  Building,  Washington,  D.  C. 


Coal  as  received. 


Contract  ' 
standard. 


Moisture 

Vol.  hydrocarbons. .  . 

Fixed  carbon 

Ash 


B.  T    U. 


0-73 
21.08 

76.13 
2.06 


100.00% 


15.471 


Composite 
mine 
sample, 
taken  by- 
Geological 
Sxirvey. 


;  Maximum. 


1. 17 
22.23 
71.56 

5.04 

100.00% 
14,934 


0-55 
20.33 
74.62 

4.50 


100.00% 
15,062 


Minir 


0.87 
19.08 
70.65 

9.40 


100.00% 
14,155 


Average 

of  15 

deliveries. 


0.90 
19.70 
72.62 

6.78 


100.00% 
14,602 


DISCUSSION.* 


The  President. 


Mr.  Wickhorst. 


Mr.  Randall. 


Mr.  Little. 


Mr.  Woodwell. 


The  President. — I  had  the  pleasure  of  being  associated  to 
some  little  extent  in  the  work  that  has  been  detailed  by  those  who 
have  preceded  on  this  matter  of  coal  specification,  and  my  own 
judgment  in  the  matter  is  that  the  report  presented  here,  embodies 
the  best  coal  specifications  that  I  have  yet  seen. 

]\rR.  M.  H.  Wickhorst. — I  should  like  to  ask  Mr.  Randall, 
what  the  dift'erence  in  moisture  is  of  bituminous  coal  as  sampled 
at  the  mine,  and  as  delivered. 

]\rR.  D.  T.  Randall. — That  is  so  entirely  dependent  upon 
weather  conditions  that  the  ratio  is  not  fixed.  I  might  say  that 
not  nearly  as  much  moisture  is  gained  from  rain  as  is  ordinarily 
supposed.  If  the  amount  of  rain  that  can  get  into  a  carload  of 
coal  from  an  inch  of  rain-fall  be  computed,  it  will  be  found  to  be 
a  very  small  percentage  in  w^eight — not  more  than  one  per  cent. 

Mr.  a.  D.  Little. — What  is  the  general  attitude  of  the  coal 
companies  with  reference  to  selling  coal  on  specification,  are  they 
disposed  to  do  it  if  they  can  possibly  avoid  it,  and  what  steps  are 
necessary  to  make  them  take  it  up  ? 

]\Ir.  j.  E.  Woodwell. — In  starting  any  new  movement  of  this 
kind  we  must  expect  some  opposition,  or  at  least  failure  to  under- 
stand or  appreciate  the  exact  situation  of  the  consumer  and  his 
demands  for  a  rigid  specification  of  this  kind.  In  regard  to 
bituminuos  coal,  I  think  it  is  fair  to  say  we  have  generally  ver\' 
h'ttle  difficulty  in  securing  competition,  not  only  in  regular  bids, 
but  on  this  kind  of  contract  form.  The  case,  however,  is  somewhat 
different  with  anthracite.  For  some  reason,  either  because  it  is 
controlled  by  fewer  men,  or  for  some  other  cause  which  may  be 
more  or  less  a  commercial  one,  there  seems  to  be  a  failure  to  ap- 
preciate the  relation  of  thermal  value  to  price,  and  the  anthracite 


*  This  Discussion  covers  the  following  papers:  The  Recent  Testing 
of  Coals  Used  by  the  Federal  Government  in  its  Public  Buildings.  By 
J.  A.  Holmes  and  D.  T.  Randall.  The  Purchase  of  Coal  Under  Specifi- 
cations. By  J.  E.  Woodwell.  Methods  of  Testing  Coal.  By  S.  S. 
Voorhees. 
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dealer  seems  to  be  better  acquainted  with  ash  than  he  is  with  the  Mr.  WoodweU. 

thermal  unit.     In  fact,  one  of  our  anthracite  friends  denies  that 

there  are  any  thermal  units  in  his  coal.     We  have  taken  bids,  I 

might  say,  in  the  Treasury-  Department,  for  the  coal  supply  of  our 

public  buildings  throughout  the  countr}',  but  so  far,  as  already 

stated,  we  have  only  made  an  effort  to  place  large  contracts  on  this 

basis;  so  that  it  has  been  apphed  to  about  thirty  buildings  this 

fiscal  year.     In  a  number  of  these  cases  we  have  placed  successful 

contracts  with  first-class  heating  guarantees.     In    certain    cases 

the  guarantees  ^re  either  a  little  high  as  to  quality  fixed,  or  a  little 

low.     But  I  for   one   am   willing   to   see   contractors   receive   a 

premium  at  first  in  some  cases,  and  I   am  willing  to  see  them 

penalized  as  well.     We  must  give  and  take  a  little  in  getting  this 

system  applied. 

The  Presedext. — Some  years  ago,  in  discussing  a  ver\'  im-  The  Presidenj . 
portant  matter  with  the  producers,  one  of  the  heads  of  a  large 
manufacturing  establishment  said  he  didn't  see  any  use  talking 
over  the  qualit}-  of  material;  he  could  sell  all  he  could  make  any- 
way. I  fancy  that  is  really  about  the  way  with  the  anthracite  coal 
producers. 

Mr.  John  A.  Capp. — In  listening  to  these  papers  it  occurred  Mr.  Capp. 
to  me  there  are  two  points  that  might  be  spoken  of.  First,  cannot 
we  delude  ourselves  a  little  in  placing  a  rather  fictitious  value  on 
the  thermal  value  of  coal  ?  We  are  largely  in  the  hands  of  the  man 
who  fires  that  coal  under  the  boiler,  and  does  practical  experience 
show  that  he  fires  less  coal  with  14,000  to  15,000  thermal  units,  than 
coal  with  only  13,000  or  less  thermal  units  ?  Is  the  coal  bill  any 
smaller,  and  the  amount  of  coal  consumed  less,  especially  if 
automatic  stokers  are  used? 

The  second  point  Ls  wdth  respect  to  the  sulphur  in  the  coal. 
We  bum  a  great  deal  of  coal  in  the  establishment  with  which  I  am 
connected,  and  ever}'  now  and  then  there  come  complaints  from 
the  power  station  that  the  grate-bars  are  burning  out  too  rapidly, 
and  that  there  is  too  great  corrosion  of  the  tubes.  Sulphur  is 
usually  found  to  be  the  cause.  Is  there  enough  restriction  placed 
on  the  sulphur  content  of  the  coal? 

As  to  the  last  question  asked,  with  respect  to  the  willingness 
of  coal  dealers  to  sell  under  these  specifications,  my  experience 
is  that  they  refuse  to  be  bound  with  respect  to  thermal  units  or 
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Mr.  Capp.  amthing  else.  Some  I  think  have  not  had  an  analysis  made  of  the 
coal  they  sell  in  several  years.  With  us  the  whole  matter  came 
down  to  the  point  where  we  had  to  buy  what  we  could  get.  While 
it  is  well  to  have  a  specification,  should  we  not  cover  those  things 
especially  which  are  really  harmful,  and  be  a  little  easy  with 
respect  to  things  of  academic  value? 

Mr.  Randall.  Mr.  Randall. — I   Can  Say   from   the  results  of  some  four 

hundred  or  more  boiler  tests  that  the  Geological  Survey  has  con- 
ducted, that  we  believe  that  the  British  thermal  units  are  an  index 
of  the  value  of  coal;  that,  given  a  coal  of  the  same  general  char- 
acteristics, the  value  of  the  coal  is  proportionate  to  the  British 
thermal  units  in  it.  It  is  not  necessarily  true  that  a  coal  widely 
different  in  character  from  another  coal  is  strictly  comparable 
on  the  British  thermal  unit  basis.  You  will  notice  that  there  is 
a  provision  in  the  specification  for  limiting  the  different  elements 
of  volatile  matter,  sulphur,  etc.,  and  those  limits  must  be  fixed 
in  accordance  with  the  coal  that  is  available  in  the  locality  from 
which  you  buy  it.  You  might  have  to  buy  coal  with  five  per  cent, 
sulphur  in  it  from  one  locality,  and  might  very  easily  get  coal 
with  less  than  one  per  cent,  sulphur  in  other  localities.  You  can- 
not therefore  specify  a  fixed  percentage.  If  there  is  any  one  thing 
that  we  think  the  analysis  of  coal  means,  it  is  that  the  British  thermal 
unit  is  comparable  with  the  proportion  of  water  in  the  coal. 

Mr.  Capp.  Mr.  Capp. — I '  don't  think  the  last  speaker  has   caught  the 

point  I  wished  to  make.  Nearly  all  these  specifications,  and  I 
have  been  studying  a  good  many  of  them,  include  a  sliding  scale 
of  actual  prices  to  be  paid.  There  is  a  base-price  quoted  for  coal 
to  a  certain  determined  standard,  a  premium  to  be  paid  when 
coal  exceeds  the  base  value  and  a  penalty  to  be  deducted  in  case 
the  coal  does  not  come  up  to  the  established  standard.  Now  it 
occurs  to  me  that  we  may  be  paying  unnecessarily  when  we  pay 
a  premium.  Of  course,  it  is  obvious  that  the  thermal  value  of 
the  coal,  other  things  being  equal,  determines  its  value  as  a  fuel. 
But  to  the  actual  consumer  of  coal,  when  that  consumer  has  not 
the  very  best  facilities,  this  value  may  be  misleading  as  a  basis 
of  estimate  of  the  worth  of  the  coal  to  him,  because  his  stoker  will 
not  recognize  the  coal  of  high  thermal  value  as  any  different  from 
that  of  low  thermal  value,  and  will  crowd  just  as  much  of  the  former 
into  the  fire  as  of  the  latter.     When  a  premium  is  paid  for  high 
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thermal  \alue,  full  benefit  will  not  be  obtained  unless  less  coal  Mr. Capp. 
is  used  to  accomplish  a  given  object,  and  this  is  not  practical 
with  the  average  coal  consumer.  Hence  it  seems  to  me  better 
from  the  standpoint  of  the  consumer  that  his  specifications  pro- 
vide a  minimum  thermal  value  to  be  determined  by  local  conditions, 
and  that  they  rigidly  limit  the  amount  of  sulphur  and  ash,  and 
define  the  character  of  ash  so  that  it  shall  not  be  a  fusible  ash  ■ 
which  will  tend  to  clinkcring.  This  aft"ords  full  protection  against 
inferior  coal,  and  does  not  impose  the  payment  of  a  premium 
which  may  actually  be  to  the  purchaser  an  expenditure  equivalent 
to  a  penalty  for  an  unnecessarily  scientific  specification. 

Mr.  S.  S.  \'oorhees. — The  limiting  value  for  sulphur  would  Mr.  Voorhees. 
depend  on  the  locality  where  the  coal  is  mined.  In  the  western 
fields,  Ohio  and  Indiana,  five  oer  cent,  is  "normal,  and  it  would 
be  very  false  economy  to  ship  eastern  coal  with  less  than  one  per 
cent,  of  sulphur  there.  Some  arrangement  must  be  made  to 
prevent  if  possible  the  effect  of  sulphur  on  the  grate  bars. 

The  President. — It  occurs  to  me  that  two  points  are  mixed  The  President, 
here.  If  I  buy  something  from  a  man  the  transaction,  as  far 
as  he  is  concerned,  is  ended  when  I  have  got  certain  value  and 
have  paid  the  price  for  it.  If  I  turn  around  and  throw  what  I 
have  bought  in  the  ditch  he  is  not  responsible.  If  I  use  bad  fuel 
or  buy  bad  fuel  and  suffer  loss  from  it,  that  is  my  affair;  the  speci- 
cations  are  not  called  in  question. 

Mr.  Little. — The  difficulty  which  we  are  confronted  with  Mr.  Little, 
in  Boston  is  that  the  coal  companies  absolutely  decline  to  consider 
contracts  on  specification.  I  have  talked  with  the  managers 
of  several  large  companies  there  who  say  that  when  an  order  comes 
in  to  which  a  specification  is  attached,  they  simply  throw  that 
order  in  the  waste-basket.  I  should  like  to  have  some  light  as 
to  the  best  way  of  meeting  this  particular  difficulty. 

Mr.  J.  A.  Kinkead. — I  had  some  experience  with  coal  Mr.  Kinkead. 
companies  along  this  line,  and  some  of  them  said  that  they  did 
not  care  to  work  to  a  proposition  of  that  kind  because  they  were 
not  familiar  with  it.  It  might  be  better,  but  they  had  not  been 
up  against  it  and  did  not  propose  to  until  they  found  out  some- 
thing about  it.  Others  who  had  tried  it  were  perfectly  willing 
and  others  said  that  they  had  no  possible  way  of  determining  the 
thermal  units  in  it,  and  it  cost  them  as  much  for  one  kind  as  the 
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Mr.  Kinkead. 


Mr.  Woodwell. 


The  President. 


Mr.  Lesley. 


other  and  they  could  not  afford  to  lose  any  money  on  it.  They 
did  not  know  whether  they  would  come  out  ahead,  and  refused 
to  work  to  it.  And  then  a  third  man  said,  "If  you  don't  like  our 
coal  the  way  we  sell  it  you  can  go  somewhere  else. " 

Mr.  Woodwell. — In  reply  to  Mr.  Kinkcad's  little  trouble, 
I  should  like  to  state,  that  the  Government  has  just  made  a 
contract  with  a  dealer  in  Boston  on  this  specification,  not  only  for 
bituminous  but  for  anthracite  coal  as  well.  However,  the  contract 
is  modified  with  respect  to  anthracite  screenings,  to  buy  on  an 
ash  basis,  making  penalties  and  paying  premiums  on  the  ash 
content  alone,  establishing  a  scale  of  corrections  which  takes  into 
account  the  difference  in  value  to  the  consumer  for  variations 
both  in  ash  and  thermal  units. 

The  President. — In  thirty  years'  experience  in  tr}-ing  to  get 
materials  according  to  specification  and  making  specifications, 
we  have  run  across  this  trouble  with  materials;  namely  that  some 
parties  do  not  care  to  bid.  But  we  have  made  use  of  all  sorts  of 
devices  to  get  around  this  difficulty.  I  remember  in  one  case 
the  purchasing  agent,  who  was  thoroughly  aroused  and  interested 
in  the  matter,  sent  for  a  certain  party  and  said:  "Make  your 
material  according  to  this  specification  and  charge  us  for  it."  We 
worked  on  that  basis  in  that  article  for  six  or  eight  months.  Those 
whom  we  had  been  buying  from  previously  lost  their  business,  of 
course.  After  a  little  they  came  around  and  inquired  about  the 
course.  Now  it  is  very  rare  that  we  run  up  absolutely  and  posi- 
tively against  a  refusal. 

Mr.  R.  W.  Lesley. — I  think  the  coal  people  are  going 
through  what  we  did  in  the  cement  business  many  years  ago. 
In  those  days  material  was  sold  by  brand  only,  but  gradually 
specifications  came  in  and  the  material  was  improved  to  meet 
them.  At  first  ever\^  man  made  his  own  specification  and  at  one 
time  there  were  probably  a  thousand  different  varieties  of  specifi- 
cations in  force  in  the  country.  Then,  through  our  Society,  a  new 
Standard  Specification  was  prepared  of  which  some  forty  thousand 
copies  have  been  sent  out  and  which  has  become,  practically, 
generally  adopted.  This  year  there  will  be  over  50,000,000  barrels 
of  cement  sold  in  the  United  States — not  anything  in  comparison 
with  the  number  of  tons  of  coal — but  I  believe  at  least  seventy 
per  cent,  of  it  will  be  sold  on  specification.  I  think  so  far  as  our 
industr)^  is  concerned,   we  have  gone  through  the    specification 
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troubles;  I  think  the  iron  men  have  gone  through  it,  and  probably 
the  coal  men  will  have  to  go  through  it  as  we  have  done. 

Mr.  Kinkead. — I  think  the  coal  dealers  who  seemed  the 
most  ready  to  work  to  specification  and  thermal  units  were  those 
who  had  coal  tested  and  analyzed  at  the  ex]3osition  in  St.  Louis. 
They  knew  what  they  were  making  and  were  willing  to  consider  it. 

The  President. — I  should  like  to  emphasize  one  point; 
namely,  a  good  specification,  honestly  enforced,  is  a  protection 
to  the  best  men  in  the  trade.  The  man  who  has  good  material  is 
not  brought  in  competition  with  the  man  who  has  inferior  material, 
where  price  only  counts. 

Mr.  Voorhees. — Several  large  bituminous  producers  have 
stated  that  a  specification  of  this  character  is  very  much  to  their 
advantage,  as  it  ehminates  inferior  coals. 

Mr.  H.  E.  Diller. — Mr.  Kinkead  said  the  coal  miners 
who  had  their  coal  tested  at  the  St.  Louis  Exposition  and  knew 
what  they  were  doing  would  sell  under  that  contract.  But  they 
would  probably  make  a  price  which  would  pay  them  well  for  the 
extra  trouble  and  for  having  good  coal;  whereas  the  purchaser 
who  has  his  coal  tested  himself  can  ver}'  shortly  find  out  from 
what  company  he  is  getting  the  best  coal  and  can  place  his  order 
with  them,  without  paying  any  extra  penalties.  This  is  because 
the  coal  miners  do  not  pay  much  attention  to  the  quality  of  their 
coal.  It  seems  to  me  the  consumer  gets  along  better  without  a 
specification  if  he  has  his  coal  well  looked  after. 

Mr.  Voorhees. — In  reply  to  this  last  speaker,  iron  ore  is 
bought  on  the  metallic  content.  The  percentage  of  sulphur  and 
phosphorus  further  affecting  its  value.  It  seems  to  me  this  method 
of  buying  ore  on  specification,  which  is  used  in  most  furnaces, 
could  be  used  on  coal.  It  may  not  come  to-day  or  to-morrow, 
but  it  is  bound  to  come. 

jSIr.  Diller. — What  I  mean  is  that  without  a  specification 
the  consumer  has  an  advantage.  It  seems  to  me  it  would  be  -an 
advantage  to  the  coal  dealer  who  has  a  good  coal,  to  get  specifi- 
cations. 

Mr.  Voorhees. — Why  should  not  the  consumer  have  it  rather 
than  the  operator?     If  not  the  advantage  is  all  to  the  operator. 

Mr.  Randall. — I  think  the  point  of  view  of  most  of  the 
speakers  is  that  of  the  local  situation.     I  might  say  that  from  a 
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Mr.  Randall,  general  knowledge  of  the  field,  I  believe  that  the  whole  proposi- 
tion resolves  itself  into  how  much  competition  there  may  be  in 
the  market,  and  how  easy  it  is  to  buy  coal  on  specification.  If 
you  go  to  a  city  like  Chicago,  where  coal  is  received  from  West 
Virginia,  Pennsylvania,  Ohio,  Indiana,  Illinois,  Kentucky  and 
Iowa,  you  will  find  they  are  buying  something  like  a  million  tons 
of  coal  on  that  basis,  a  specification  of  British  thermal  units  and 
ash.  On  the  other  hand,  in  Boston,  where  the  railroads  have 
got  the  coal-market  rather  cornered,  that  is,  so  far  as  the  location 
of  the  mines  is  concerned  since  it  is  not  profitable  to  ship  coal 
beyond  a  certain  distance,  it  has  either  got  to  come  by  boat  from  far 
South  or  by  certain  lines  of  railroad,  and  the  coal  dealers  naturally 
get  their  coal  from  certain  districts.  There  is  not  very  much 
competition,  therefore,  as  compared  with  places  like  Chicago  and 
some  other  centers.  This  I  think,  explains  the  difficulty  in  the 
purchase  of  coa-1. 

Mr.  Little.  Mr.  Little. — You  may  be  interested  to  know,   however, 

that  the  manager  of  one  of  our  largest  local  companies,  who  at 
first  said  he  would  throw  any  orders  in  the  waste-basket — told 
me  later  that  he  was  beginning  to  wonder  whether  after  all  the 
inspection  method  was  not  one  which  had  very  great  advantages 
from  his  point  of  view.  "In  fact,"  he  said,  "I  don't  know  but 
what  it  might  be  good  business  policy  for  me  to  have  aU  of  my 
coal  inspected  and  tested  and  to  sell  it  as  inspected  and  tested 
coal." 

Mr.  Bement.  Mr.  A.  Bement  (by  letter). — The  method  of  valuing  coal 

according  to  the  net  British  Thermal  Unit  basis,  which  originated 
in  Chicago,  and  which  the  author  quotes  in  full,  is  probably  the 
most  exact  scheme  thus  far  proposed.  Abbott,  however,  has 
shown*  that  the  size  of  the  pieces  of  coal  has  a  marked  influence 
upon  the  value  of  the  fuel;  likewise  the  ash  operates  not  only 
to  displace  a  relative  amount  of  heat- producing  matter,  but  in 
addition  its  presence  causes  a  less  proportionate  realization  In 
useful  work  of  the  heat  that  is  in  the  fuel.  With  screenings  the 
size  of  coal  is  a  matter  of  considerable  importance,  therefore 
the  writer  has  seen  fit  to  insert  these  considerations  in  the  formula 
used  to  calculate  the  net  heating  power,  thereby  producing  a 
value  which  may  be  designated  as  the  Net  Effective  Heating 
Power  Value  as  follows: — Multiply  the  number  of  British  Thermal 
*  Journal  Western  Society  of  Engineers,  Vol.  XI,  p.  529. 
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Units  per  pound  of  dry  coal  by  the  per  cent,  of  moisture  (expressed  Mr.  Bement. 

in  decimals);  subtract  the  product  so  found  from  the  number 

of  British  Thermal  Units  per  pound  of  dry  coal;  multiply  by  the 

required   value  given  in  the  accompanying  Table  I   (expressed 

in   decimals);  multiply   this   new   product   by    2000   and    divide 

by  the  contract  rate   per  ton  (expressed,  in  cents),  plus  one-half 

of  the  ash  percentage  (expressed  as  cents). 

Table  I. — Values  for  ij-in.  Coal  Screenings. 


'  Per  Cent,  of  Ash  in  Coal  as  Delivered. 
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And  to  determine  the  value  of  the  coal  delivered,  the  calcula- 
tion is  as  follows:  Multiply  the  number  of  British  Thermal 
Units  delivered  per  pound  of  dr^-  coal  by  the  per  cent,  of  moisture 
delivered  (expressed  in  decimals);  subtract  the  product  so  found 
from  the  number  of  British  Thermal  Units  delivered  per  pound 
of  dry  coal;  multiply  by  the  rec^uired  value  given  in  Table  I 
(expressed  in  decimals);  multiply  the  remainder  by  2000;  divide 
this  product  by  the  contract  guarantee;  from  this  quotient  (ex- 
pressed as  dollars  and  cents)  subtract  one-half  of  the  ash  per- 
centage delivered  (expressed  as  cents). 

Table  I  is  prepared  upon  the  assumption  that  12  percent,  of 
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Mr.  Bement.  asli  in  the  moist  fuel  composition  as  applied  in  the  Eastern  Interior 
Coal  Basin,  is  as  low  as  could  be  expected;  or,  in  other  words,  it 
shows  the  best  efforts  of  the  producer;  and  that  a  less  quantity 
than  31  per  cent,  of  dust  through  a  j-'m.  perforation  is  not  desir- 
able in  ij-in.  screenings.  These  considerations,  however,  lead 
to  a  very  much  simpler  form  for  valuing  screenings,  based  upon 
the  assumption  that  the  heating  power  and  moisture  content 
may  be  treated  as  constants,  therefore  the  value  of  the  screenings 
delivered  may  be  determined  by  multiplying  the  contract  price 
per  ton  bv  the  figure  expressed  in  decimals  which  appears  in 
Table  I. 

It  is  difficult  to  understand  the  intention  of  the  scheme  de- 
vised by  the  Geological  Survey  and  now  used  by  the  Government 
in  purchasing  fuel.  It  appears  that  provision  has  been  made 
for  the  reduction  of  or  increase  in  price  in  proportion  to  the  decrease 
or  excess  of  the  heating  power  present.  The  deduction  for  ash 
content,  however,  is  difficult  to  understand.  The  exact  wording 
is  as  follows:  "The  economic  value  of  a  fuel  is  affected  by  the 
actual  amount  of  combustible  matter  it  contains,  as  determined 
by  its  heating  value  shown  in  British  Thermal  Units  per  pound 
of  fuel,  and  also  by  other  factors,  among  which  is  its  ash  content. 
The  ash  content  not  only  lowers  the  heating  value  and  decreases 
the  capacity  of  the  furnace,  but  also  materially  increases  the 
cost  of  handling  the  coal,  the  labor  of  firing,  and  the  cost  of  the 
removal  of  ashes,  etc." 

According  to  the  above  quotation,  the  only  certainty  is, 
the  intimation  that  the  presence  of  excessive  ash  entails  additional 
cost  for  its  removal.  If  this  is  the  proper  interpretation,  then  the 
valuing  method  of  the  Survey  is  at  fault  as  the  following  will  show : 

Comparison  Between  Geological  Survey  and  B.  T.  U. 
FOR  One  Cent  Basis. 


Guaranteed 
Composition. 


Delivered  Composition. 


Based  on 

B.  T.  U. 

for  one  cent. 


Based  on 
Geological  Sur- 
vey Method. 


Moisttire 

Ash  in  coal  as  delivered. ... 
Heating  power  in  B.  T.  U.. . 

B.  T.  U.  for  one  cent , 

Price  per  ton  (contract  rate) 
Delivered  value 


10.00 
8.10 

11.875 

98-958 

$2.40 

$2.40 


10.00 

13.60 

11,078 


10.00 

13.60 

11,078 


$2,239 


$2,119 
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The  above  would  indicate  that  the  Geological  Survey  method  Mr.  Bement. 
intends  to  impose  an  additional  reduction  larger  than  that  required 
by  absence  in    heating  power,  and  a    comparison  between  the 
scheme  of  valuing  on  the  net  B.  T.  U.  basis  follows: 

Comparison  Between  Geological  Survey  and  Net  B.  T.  U. 
FOR  One  Cent  Basis. 


Guaraxiteed 
Composition. 


Moisture 

Ash  in  coal  as  delivered 

Heating  power  in  B.  T.  U.. . 
Net  B.  T.  U.  for  one  cent. . . 
Price  per  ton  (contract  rate) 
Delivered  value 


10.00 

8.10 

1 1,87  5 

97.315 

$2.40 

$2. 40 


Delivered  Composition. 


Based  on  net  1       Based  on 

B.  T.  U.         Geological  Sur- 
for  one  cent.      vey  Slethod. 


10.00 

13.60 

11,078 


S2.208 


10.00 

13.60 

11,078 


$2. 119 


which  shows  that  the  Geological  Survey  method  imposes  a  penalty 
which  is  excessive,  unless  the  reduction  for  ash  is  expected  to  cover 
damage  caused  by  its  presence,  in  addition  to  the  expense  entailed 
for  its  removal.  Whether  or  not  the  Geological  Survey  considers 
its  scheme  of  valuing  as  far  as  ash  is  concerned  the  one  best 
suited  to  apply  to  average  conditions  does  not  appear. 

The  problem  of  coal  production  and  utilization  is  an  extremely 
complicated  one  not  very  well  understood,  and  the  practice  of 
dealing  between  seller  and  buyer  upon  a  guarantee  basis  is  one 
well  calculated  to  dispel  many  of  the  uncertainties  now  existing, 
and  the  general  tendency  is  to  produce  a  better  understanding 
upon  the  part  of  both  parties  to  the  transaction.  Considerable 
experience  has  shown  the  writer  that  when  the  seller  is  advised 
by  competent  authority  in  making  guarantees,  that  it  frequently 
leads  to  the  purchaser  wishing  to  buy  directly  without  guarantee, 
and  in  the  case  of  one  of  the  writer's  most  important  clients, 
using  a  very  large  amount  of  coal,  no  guarantee  is  expected,  as 
the  client  knows  more  about  the  coal  composition  and  mining 
conditions  in  the  territor}'  in  which  it  purchases  than  do  the 
operators  therein,  having  thoroughly  studied  the  matter  and 
arrived  at  definite  conclusions. 


THE  EFFECT  OF  IMOISTURE  AND  OTHER  EXTRINSIC 
FACTORS  UPON  THE  STRENGTH  OF  WOOD. 

By  Harry  Donald  Tiemann. 

Many  factors  which  have  httle  or  no  significance  in  testing 
metals  must  be  taken  into  consideration  in  testing  wood.  These 
factors  may  be  divided  into  two  classes:  First,  those  which  are 
inimical  to  the  particular  stick  in  question,  and  do  not  var}'  from 
time  to  time,  namely,  structure,  density,  grain,  heart  or  sapwood, 
and  defects  of  all  kinds.  These  may  be  termed  inherent  factors. 
In  a  way  they  apply  to  metals  as  well  as  wood.  Second,  there  are 
factors  which  cause  more  or  less  temporar)^  variations  in  the 
strength  of  the  selfsame  stick,  which  may  be  termed  extrinsic 
factors,  since  the  result  produced  is  not  primarily  due  to  the  wood 
itself,  but  to  the  conditions  to  which  the  wood  is  subjected.  Some 
of  these  factors  have  little  or  no  effect  whatever  upon  the  strength 
of  metals. 

Of  all  the  extrinsic  factors  which  may  occur  under  ordinary 
circumstances,  moisture  is  by  far  the  most  influential.  Among 
the  other  extrinsic  factors  may  be  mentioned,  temperature,  speed 
of  loading,  effect  of  treatments  to  which  the  wood  may  have  been 
subjected,  such  as  steaming,  drying  at  high  temperatures,  etc., 
and  the  effect  of  liquids  other  than  water.  In  discussing  the  effect 
of  these  factors  no  consideration  is  given  to  the  mechanical 
injuries  produced,  such  for  instance,  as  checks  produced  in 
"case-hardening,"  warping,  etc.,  but  the  discussion  deals  solely 
with  their  physical  effect  upon  the  wood  substance. 

In  testing  wood  it  must  be  remembered  that  we  are  dealing 
with  an  exceedingly  complex  fabric  which  depends  for  its  properties 
not  only  upon  the  composing  material  but  equally  upon  the  form 
end  arrangement  of  its  structural  elements.  Even  the  substances 
of  which  the  various  elements  are  composed  arc  so  complex  that 
they  have  not  yet  been  satisfactorily  analyzed  chemically. 

When  one  realizes,  as  I  shall  endeavor  to  demonstrate,  that 

The  cuts  used  in  this  paper  are  from  Bulletin  70,  Forest  Service, 
U.  S.  Department  of  Agriculture. 
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the  strength  of  green  wood  may  be  increased  in  some  species  over 
fourfold  (400  per  cent.)  simply  by  extracting  the  moisture,  it 
certainly  is  astonishing  to  find  how  httle  attention  has  been  paid 
in  the  past  to  the  question  of  moisture  content  when  making  tests 
upon  wood.  The  majority  of  results  obtained,  prior  to  the  work 
begun  by  the  United  States  Division  of  Forestry  (now  Forest 
Service)  in  1892,  are  tabulated  with  absolutely  no  reference 
to  the  moisture  condition  under  which  the  tests  were  made  except 
in  some  cases  where  a  statement  is  made  that  the  wood  was 
"seasoned"  or  otherwise.  The  futility  of  using  any  such  tables 
is  obvious.  By  testing  a  dry  piece  of  one  of  the  weakest  species 
and  a  wet  piece  of  the  strongest,  the  results  might  easily  show  to 
the  advantage  of  the  weakest  wood. 

In  the  case  of  large  timbers,  however,  the  foregoing  statements 
do  not  necessarily  apply,  for  two  reasons.  In  the  first  place  it 
requires  many  months,  and  even  years,  for  a  timber  the  size  of  a 
bridge-stringer  to  season  sufficiently  for  much  increase  in  strength 
to  occur.  Consequently  tests  made  on  large  timbers  of  this  kind 
are  usually  made  in  the  "green"  condition  and  are  therefore 
comparable;  for,  as  I  will  show,  there  is  a  definite  moisture  degree 
called  the  "fiber-saturation  point",  beyond  which,  it  matters 
not  how  wet  the  wood  is,  no  significant  change  in  strength  occurs. 
In  the  second  place,  large  timbers  are  very  apt  to  be  injured 
mechanically  in  drying,  due  to  unavoidable  checking,  which  offsets 
more  or  less  completely  the  increase  in  strength  which  othenvise 
would  take  place.  For  these  reasons  it  has  been  concluded  that 
for  large  timbers  in  the  species  so  far  tested,  no  increase  in  strength 
should  be  counted  upon  above  that  of  the  original  green  wood. 
But  in  all  tests  upon  small  sizes  the  moisture  factor  must  be  given 
full  weight ;  and  the  indicated  increase  in  strength  may  be  counted 
upon  in  practice,  when  no  mechanical  injury  has  been  produced 
in  the  drying.  Under  normal  conditions,  wood,  of  course,  will 
not  remain  in  the  perfectly  dr}'  condition,  but  will  regain  in  the 
neighborhood  of  12  per  cent,  of  moisture,  according  to  the  humidity 
of  the  air,  so  that  the  practical  increase  in  strength  is  less  than  half 
the  possible  amount  attainable  by  complete  dr\'ing. 

Reviewing  briefly  the  literature  upon  the  subject,  we  find 
some  notice  paid  to  moisture  prior  to  1848  when  the  work  of 
Chevandier   and   Wertheim   was   pubUshed   in    French.     These 
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investigators  realized  that  moisture  influenced  the  strength  of 
wood,  and  made  note  of  four  general  conditions  of  seasoning, 
in  their  tests,  fresh,  partly  dry,  well  seasoned,  and  kiln  dry.  J. 
Baushingcr,  of  Munich,  made  a  few  experiments  on  the  moisture- 
strength  relation  of  Scotch  pine,  prior  to  1883,  but  entirely  dis- 
regarded the  fiber-saturation  point. 

When  the  timber  tests  were  undertaken  by  the  United  States 
Department  of  Agriculture  in  1891,  provision  was  made  in  the 
plan  for  a  study  of  the  moisture-strength  relation,  and  a  partial 
study  of  the  subject  was  made  by  Prof.  Johnson.  The  results 
are  given  in  Bulletin  No.  8  of  the  Division  of  Forestry  and  also 
in  his  work  upon  the  "  Materials  of  Construction. "  Prof.  Johnson 
takes  note  of  the  existence  of  what  I  have  called  the  "fiber-satura- 
tion point,"  but  strangely  enough  does  not  apply  the  reasoning  in 
his  curves. 

More  recently,  an  excellent  series  of  moisture-strength  curves 
has  been  derived  for  spruce,  by  Gabriel  Janka,  Alariabrunn, 
Germany,  which  are  co-ordinated  with  the  dry  specific  gravity  as 
well.  They  are  published  in  1904  in  Baumaterialenkunde,  Heft 
17,  September.  Here,  also,  the  fiber-saturation  point  has  been 
disregarded. 

When  the  timber  tests  were  again  taken  up,  according  to  the 
comprehensive  plan  described  in  a  paper  by  Dr.  W.  K.  Hatt  in  the 
Proceedings  of  this  Society  (Vol.  Ill,  p.  308),  it  was  decided  to 
make  an  exhaustive  study  of  this  subject,  and  thus  place  all  timber 
tests  upon  a  standard  basis  as  to  moisture.  This  investigation  the 
writer  has  been  conducting  for  the  last  four  years,  at  the  Forest 
Service  Testing  Laboratory  run  in.  co-operation  with  the  Yale 
Forest  School,  New  Haven,  Conn.  A  detailed  account  of  the 
experiments  and  results  obtained  up  to  1905  is  given  in  Bulletin 
70  of  the  Forest  Service,  "The  Effect  of  Moisture  upon  the 
Strength  and  Stiffness  of  Wood,"  and  a  brief  summary  includ- 
ing more  recent  determinations  in  Circular  108. 

By  means  of  these  results,  strength  values  obtained  at  any 
known  moisture  degree  may  be  converted  into  equivalent  values  at 
a  standard  or  any  desired  moisture  degree,  and  thus  all  tests  made 
comparable. 

Moisture  exists  in  green  or  wet  wood  in  two  conditions,  that 
which  is  contained  in  the  cell  cavities  or  pores  of  the  woodlike 
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honey  in  a  honeycomb,  and  that  which  is  imbibed  by  the  substances 
of  which  the  cells  are  composed.  The  former  or-  "free  water" 
e\idently  exerts  little  or  no  direct  influence  upon  the  strength, 


15        20        25        30        35        40        45        50        55 
MOISTURE- PER  CENT  OF    DRY    WEIGHT. 

Fig.  4. — Variation  in  Strength  with  Moisture  in  Compression  Parallel 

to  Grain. 
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which  is  affected  only  by  the  "imbibed"  water.  In  drying  a 
stick  of  green  or  wet  wood,  the  free  water  must  evaporate  before 
the  cell  walls  begin  to  dr}\  No  increase  in  strength  occurs  during 
this  process,  but  the  moment  the  moisture  begins  to  be  extracted 
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from  the  cell  walls,  that  moment  the  strength  begins  to  increase 
rapidly.  At  this  point  the  wood  likewise  begins  to  shrink.  This 
is  the  critical  moisture  degree  which  I  have  called  the  fiber-satura- 
tion point. 

Now  if  the  relation  between  moisture  and  strength  be  plotted 
graphically,  expressing  the  moisture  content  in  per  cent,  of  the  dry 
weight  as  abscissa.',  and  the  strength  as  ordinates,  we  will  have  first, 
starting  with  a  wet  piece  of  wood,  a  long  horizontal  Hne.  This 
line  abruptly  terminates  at  the  fiber-saturation  point  where  it 
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Fig.  5. — Effect  of  Casehardening  upon  the  Form  of  the  Moisture-Strength 

Curve  for  Bending. 

touches  the  true  moisture-strength  curve.  The  form  of  the  curve 
is  concave,  the  strength  increasing  more  rapidly  as  the  wood 
becomes  drier,  as  is  clearly  seen  in  the  diagram. 

The  true  fiber-saturation  point  is  easily  obscured.  Since 
there  is  no  direct  way  of  differentiating  between  the  imbibed  and 
the  free  water,  in  the  moisture  determinations,  and  the  cur\^e  simply 
rounded  off  above.  This  must  evidently  occur  when  the  moisture 
is  unevenly  distributed  and  part  of  the  fibers  drier  than  the  fiber- 
saturation  point,  for  in  such  a  condition  the  strength  will  show  an 
increase  while  the  average  moisture  may  be  far  beyond  that  of  the 
fiber-saturation  point.  This  is  well  shown  in  the  curves  obtained 
for  pieces  purposely  case-hardened. 
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Many  factors  affect  the  fiber-saturation  point.  Heating 
the  water  in  which  wood  is  soaking  increases  the  absorptive 
capacity,  consequently  reducing  the  strength  and  lowering  this 
point  in  the  moisture-strength  curve.  Cooling  the  water  produces 
an  opposite  effect.  Simple  air-dr}dng  alters  it  sHghtly,  so  that 
air-dried  wood  which  is  re-soaked  is  weaker  than  the  original 
green  wood.  Subjection  to  high  temperatures,  steam,  and  other 
treatments  have  marked  permanent  influence  upon  the  fiber- 
saturation  point,  the  degree  of  change  varying  with  the  species  and 
intensity  and  kind  of  treatment. 

In  the  following  table  are  given  the  moisture  per  cents  at  the 
fiber-saturation  point  for  several  species: 


Fiber-Saturation  Point  Determinations. 


Species. 


Longleaf  pine 

Loblolly  pine , 

heartwood , 

LobloU}'  pine 

sapwood 

Norway  pine 

green 

Red  spruce 

Tamarack 

Red  fir 

Western  hemlock 

Chestnut 

White  ash 

Red  gum 

Red  spruce < 

Tamarack < 

Chestnut < 


Condition. 


Green 

Green 

Air-dry 

Green  

Air-dry 

Heartwood .... 

Sapwood 

Green  

Green  

Green 

Green  

Green  

Green  

Air-dry 

Air-dry 

Superheated  .  . 

Air-dry 

Superheated  .  . 

Air-dry 

Superheated. .  . 


No.  of 
tests. 


40 
24 
80 
72 
80 
121 

88 

40 

121 

65 

144 

40 

49 

45 

120 

120 

120 

80 

120 


Average 
specific 
gravitx^ 
kiln -dry 
wood. 


62 

59 
67 

47 
55 
42 
44 
38 
54 
58 
54 
48 
79 
52 
45 
44 
60 
61 
48 
46 


Moisture 
per  cent, 
at  fiber- 
saturation 

point 
(average). 


25 
23 
24 
24 
26 

30 
28 

31 
30 
23 
29 

25 
20 

25 

30  to  32 
24  to  25 
30  to  32 
24  to  25 
26  to  27 

2  2   to   24 


In  our  investigations,  the  principal  tests  and  those  giving 
the  most  uniform  results  have  been  compression  parallel  to  grain 
upon  specimens  2  by  2  by  6  inches  and  smaller.  Bending  and 
shearing  tests  have  also  been  made  upon  a  number  of  species 
and  a  few  in  compression  at  right  angles  to  grain. 
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Suitable  green  material  is  selected,  cut  into  strips  of  the 
required  size,  which  are  chosen  with  great  care  so  as  to  have  com- 
parative specimens  as  identical  as  possible,  and  free  from  defects. 
Each  strip,  in  the  case  of  the  compression  tests,  is  then  cut  into  a 
series  of  specimens  which  are  numbered  consecutively,  the  series 
from  adjacent  strips  being  numbered  in  reverse  order,  to  eliminate 
effect  of  position.  Each  specimen  in  a  series  is  brought  to  a 
different  degree  of  seasoning  and  then  tested.  From  seven  to 
sixteen  series  have  been  used  for  each  determination.  Specimens 
from  the  several  series  having  the  same  consecutive  numbers  are 
treated  alike  and  designated  a  set. 

The  aim  is  to  eliminate  all  variable  quantities  except  the  two 
under  investigation.     For  this  reason,  great  care  is  required  in 


Fig.  6. — Three  Degrees  of  Drying.      Sections  of  Specimens  Used  in  Obtaining 
Effect  of  Case  Hardening  in  Drying. 


selecting,  preparing,  and  treating  the  specimens.  The  size  is  an 
important  consideration.  The  specimens  must  be  small  enough  to 
allow  of  uniform  treatment  and  quality,  and  large  enough  to 
comport  with  all  measurements  and  testing  operations.  The 
preparation  and  treatment  of  the  specimens  constitutes  the  main 
part  of  the  problem.  It  is  of  the  utmost  importance,  since  wood  is 
such  an  exceedingly  mutable  material,  not  to  neglect  a  single 
variable  factor,  and  this  is  the  basis  upon  which  the  results  must 
stand  or  fall.  Consequently  a  great  many  correlated  studies  must 
be  made.  For  example,  it  has  been  found  that  wood  which  has 
been  allowed  to  dr\'  or  even  partially  air-dry,  and  is  then  re-soaked, 
is  not  comparalile  with  the  fresh  green  material  or  that  which  has 
been  soaked  without  drying.  Neither  are  two  sticks  comparable 
which  have  been  soaking  at  different  temperatures,  and  so  on. 
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The  moisture  content  is  determined  by  cutting  a  cross-sectional 
disc  at  the  point  of  failure,  and  dning  to  constant  weight  at  95°  C. 
The  loss  in  weight  times  100,  divided  by  the  dry  weight  of  the  disc 
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Fig.  7. — Individual  Moisture-Strength  Curves  for  Sixteen  Series  of  Spruce 
in  Compression  Parallel  to  Grain. 

is  the  per  cent,  of  moisture  used.  The  fiber-saturation  point  is 
determined  separately  by  tests  upon  very  small  blocks;  and  the 
point  located  upon  the  moisture-strength  curv-es.  The  curves 
ysLTv  considerably  with  different  species,  and  also  .with  the  previous 
treatment  to  which  the  wood  has  been  subjected,  but  all  have  the 
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general  concave  form,  as  will  be  seen  in  the  diagrams.  These 
diagrams  arc  for  the  green  wood  which  has  not  been  previously 
dried. 

The  following  are  the  ratios  of  increase  in  strength  over  that  of 
green  wood  for  three  conditions,  kiln-dry,  air-dry,  and  re-soaked 
after  kiln-drying: 


Species. 


Kiln-dry, 

3i  per  cent. 

moisture. 


Red  spruce 

Longleaf  pine 

Loblolly  pine — heartwood 
Loblolly  pine — sapwood  . 

Norway  pine 

Tamarack    

Red  fir 

Chestnut 


Air-dry, 

12  per  cent. 

moisture. 


2.4 

1-7 
2.0 

1-7 
2.0 
1.9 

1-7 
1.8 


Re-soaked, 
wet. 


.91 
.90 

.90 
.89 
.92 

.82 


In  the  oven-dry  state,  these  ratios  are  proportionately  greater. 
This  increase  in  strength  is  ver\'  slightly  due  to  shrinkage  in  area, 
since  the  values  are  per  unit  of  area,  and  there  are  necessarily  more 
fibers  in  a  unit  area  of  dr\'  than  of  green  wood.  The  amount  due 
to  this  shrinkage  is,  however,  rather  insignificant  compared  to  the 
total  increase  in  strength.  This  reducing  factor  in  compression 
tests  is  about  0.9.  The  given  kiln-dry  values  should  be  multi- 
plied by  this  factor  to  show  how  much  the  self-same  stick  would 
increase  in  strength.     For  bending  tests  the  factor  is  about  0.88. 

The  bending  strength  (modulus  of  rupture)  follows  a  similar 
law,  but  to  a  slightly  less  degree.  So  also  do  the  other  strength 
values,  as  stress  at  elastic  limit  and  modulus  elasticity.  The 
shearing  strength  parallel  to  the  grain  is  an  extremely  variable 
quantity  and  while  it  sometimes  increases  with  dr}'ing,  it  often 
times  does  not,  and  without  any  apparent  cause.  The  variabihty 
is  probably  accounted  for  by  internal  strains  due  to  unequal 
shrinkage  of  the  fibers  in  drying,  causing  the  beginnings  of  longi- 
tudinal checks  in  the  cell  walls  themselves.  Of  course,  where 
visible  checks  occur,  loss  in  shearing  strength  is  self-evident,  but 
we  are  speaking  of  the  physical  effects,  and  would  cull  all  such 
cases  where  mechanical  injury  has  been  done  to  the  wood.  It  is 
consequently  unsafe  to  count  upon  any  gain  in  the  longitudinal 
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shearing  strength  by  dr}-ing  above  that  of  the  green  material  even 
when  there  is.no  apparent  cause  for  weakness. 

The  following  table  will  give  an  idea  of  the  comparative 
ratios  from  the  wet  to  the  kiln-dry  condition,  of  the  several  kinds 
of  resistances  of  wood  to  applied  forces : 


Fig.  8. — Manner  of  Failure  under  Bending  Tests  of  Green,  Air-dry  and 
Kiln-dry  Longleaf  Pine. 


Kind  of  stress. 

Longleaf  pine. 

Red  spruce. 

Chestnut. 

Compression    strength    parallel    to 

gram 

2.9 

3-7 

"  8 

Stress  at  elastic  limit,  compression 

parallel  to  grain 

2  6 

3-8 
2.8 

2.4 
2.1 

Modulus  rupture,  bending 

2-5 

Stress  at  elastic  limit,  bending.  .  .  . 

2-9 

2.9 

2.3 

Modulus  elasticity,  bending 

1.6 

1-4 

1-4 

Compression     strength     at     right 

angles  to  grain  at  3  per  cent. 

distortion 

2.6 

Shearing  parallel    to    grain     (very 

variable) 2.0 

2.0 

1.6 
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Assuming  the  strength  to  van'  directly  with  the  density  of 
dry  wood,  the  following  equation  will  give  approximately  the 
crushing  strength  per  square  inch  of  perfect  wood  of  normal  long- 
leaf  pine: 

C  =  G  (22.1  p'  —  1335  p  +  25610). 

Where  C  =  crushing  strength  in  pounds  per  square  inch. 

G  =  specific  gravity  of  perfectly  dry  wood. 

P  =  per  cent,  of  moisture,  by  disc  method. 

It  may  be  interesting  to  remark  here  that,  weight  for  weight, 
dry  red  spruce  is  as  strong  and  stiff  as  good  quality  steel  and  con- 
siderably stronger  than  cast  iron.  In  structural  timbers,  weight 
for  weight,  sj^ruce  and  pine  excel  the  hardwoods  in  strength. 

There  are  a  great  many  problems  closely  allied  to  the  question 
of  moisture  which  have  barely  been  touched  upon  by  experi- 
menters. Here  is  a  large  field  of  investigation  of  great  import- 
ance to  the  users  of  wood.  The  Forest  Service  is  undertaking 
the  solution  of  many  of  these  at  the  Yale  Forest  School  Laboratory. 
The  moisture-strength  relation  of  wood  is  proving  to  be  more  and 
more  an  intricate  problem.  Experiments  are  now  under  way  to 
determine  the  fundamental  laws  of  the  influence  of  temperature 
and  time  in  drying  wood  under  various  conditions,  such  as  saturated 
.steam,  superheated  steam,  dry  air,  compressed  air,  and  vacuum. 
When  completed  it  is  hoped  that  the  best  temperature  and  method 
of  drying  for  any  particular  purpose  can  be  determined  for  each 
species,  also  the  danger  limits  in  the  intensity  of  the  treatments. 
To  obtain  the  majority  of  these  results  will  require  some  years. 
Thus  far  the  experiments  have  shown  that  certain  high-temperature 
treatments  reduce  the  hygroscopicity  of  wood,  thus  causing 
reduced  swelling  and  shrinkage,  and  on  account  of  the  permanent 
reduction  in  moisture  when  the  wood  is  exposed  to  normal  air, 
a  considerable  increase  in  strength  occurs.  When,  however,  the 
wood  is  re-soaked  after  treatment,  although  the  absorption  of  water 
is  diminished  by  some  treatments,  the  strength  is  reduced. 

These  experiments  have  also  direct  bearing  upon  the  effect  of 
the  temperatures  and  steam  pressures  used  in  the  presen^ative 
treatment  of  wood. 

The  effect  of  long-time  soaking  in  water  has  not  been  thor- 
oughly studied,  although  it  has  been  fairly  well  estabhshed  that 
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the  soaking  process  of  itself  does  not  reduce  the  strength.  Many 
tests  go  to  show  that  air-dried  wood,  akhough  at  first  reduced  below 
the  original  green  strength  by  re-soaking,  gradually  recovers  after 
soaking  several  months.  Special  tests  made  upon  red  oak  soaked 
while  green  for  three  months  and  one  year  respectively,  show  a 
gain  of  1 5  per  cent,  in  the  crushing  strength,  with  the  longer  period 
of  soaking.  Another  set  soaked  two  months  and  one  year  respec- 
tively, show  a  gain  of  5.5  per  cent.  It  is  possible  that  this 
increase  is  due  in  part  at  least,  to  differences  in  temperature  of  the 
water,  since  the  earlier  tests  were  made  in  June  and  July  when  the 
water  was  68°  F.  and  the  later  tests  in  April  at  50°  F. 

This  brings  us  to  the  question  of  temperature  of  soaking. 
Not  enough  experiments  have  been  made  in  this  line  to  derive 
the  law,  but  it  has  been  proved  beyond  question  that  the  warmer 
the  water,  the  weaker  the  wood.  Boiling  reduces  the  strength  of 
green  wood  some  40  per  cent,  below  that  of  wood  soaked  at  normal 
temperatures,  while  on  the  other  hand,  freezing  increases  it  10  per 
cent,  or  more,  varying  with  the  species.  It  would  appear  desirable 
therefore,  to  correct  tests  for  temperature  as  well  as  for  moisture. 

Time  will  not  allow  of  further  mention  of  the  many  other 
related  factors  which  influence  the  strength  of  wood,  and  I  will 
therefore  close  with  a  brief  summary  of  the  main  points. 

(i)  Moisture  has  a  great  effect  upon  the  strength  of  wood, 
which  may  be  increased  by  artificial  dr}'ing  over  four  times  its 
original  green  strength,  but  in  the  ordinary  air-dr\^  state,  it  is 
from  I J  to  2^  times  as  strong.  This  docs  not  apply  to  large  timbers 
but  to  sticks  under  4  inches  thick  when  no  mechanical  injur}'  has 
occurred  in  dr}'ing. 

(2)  There  is  a  definite  moisture  condition  called  the  fiber- 
saturation  point  var\dng  from  20  to  30  per  cent,  beyond  which  the 
cell  walls  cease  to  imbibe  water,  although  free  water  may  continue 
to  enter  the  pores.  Here  swelling  ceases  and  the  strength  becomes 
constant  under  given  conditions. 

(3)  Soaking  wood  at  uniform  temperature  does  not  reduce 
the  strength  of  green  wood,  but  warming  the  water  does  reduce  it. 

(4)  Any  kind  of  dr}'ing  reduces  the  strength  when  re-soaked 
as  compared  with  that  of  the  original  green  wood. 

(5)  Certain  methods  of  dr}'ing  at  high  temperatures  reduce  the 
hygroscopicity    and    consequently    the    swelhng   and    shrinkage; 

38 
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and  when  in  the  air-dry  condition  the  strength  is  increased  over 
that  of  normal  air-dry  wood,  but  when  re-soaked  it  is  reduced 
below  that  of  green  wood. 

(6)  All  tests  on  wood  should  be  standardized  at  least  for 
moisture,  temperature  and  speed  of  loading. 


A  TEST  OF  WOODEN  AND  REINFORCED  CONCRETE 
TELEGRAPH  POLES. 

By  Robert  A.  Cummings. 

About  a  year  ago  the  author  designed  and  constructed  a  few 
reinforced  concrete  telegraph  poles  for  the  Pennsylvania  Railroad 
Lines  West  which  have  given  satisfactor}"  serv^ice. 

They  were  designed  with  a  margin  of  safety  of  three,  to  earn,- 
fifty  telegraph  wires,  coated  with  one-half  inch  of  ice,  and  exposed 
to  a  lateral  wind  pressure  of  thirty  pounds  per  square  foot.  The 
poles  were  thirty  feet  long  and  spaced  one  hundred  feet  apart. 
These  conditions  are  approximately  ec|uivalent  to  a  concentrated 
loading  of  i,ooo  pounds  placed  near  the  end  of  the  pole.  The 
poles  were  made  hollow  to  reduce  their  weight  in  transportation. 
Tests  were  made  to  verify  the  strength  of  the  reinforced  concrete 
poles  and  to  compare  them  with  the  strength  of  Pennsylvania 
Railroad  standard  w^hite  cedar  poles  of  similar  dimensions. 

The  rather  novel  problem  of  testing  poles  in  a  N-ertical  position 
with  a  suflicient  degree  of  accuracy  was  accompanied  by  a  very 
limited  appropriation  of  funds.  Hence,  the  special  testing  appara- 
tus devised  by  the  author  to  measure  the  loads  and  deflections 
for  each  pole. 

The  following  is  a  description  of  the  apparatus  and  method 
of  testing: 

The  load  was  applied  through  a  band  ten  inches  from  the 
top  of  the  pole  by  means  of  two  three-quarter  inch  wire  ropes  which 
passed  over  two  twelve-inch  sheaves  near  the  end  of  an  inclined 
A  frame.  These  ropes  received  the  hook  supporting  a  differential 
chain  hoist  of  five-ton  capacity.  The  base  of  the  A  frame  rested 
freely  upon  the  front  edge  of  the  concrete  foundation  and  inclined 
away  from  the  poles  at  an  angle  of  45°.  A  pulley  suspended 
from  the  extreme  end  of  the  A  frame  carried  the  differential  hoist, 
the  lever  arm  and  counterweight. 

The  initial  load  applied  at  the  top  of  the  pole  was  thus  reduced 
to  fifty  pounds  by  means  of  the  counterweight.  The  total  amount 
of  applied  load  was  measured  by  a  simple  lever  apparatus.     One 
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Resi'lts  of  Tests. 


Pole. 

Appli- 
cation 
of  load. 
No. 

Deflection 
at  top, 
inches. 

Load, 
potinds. 

Deflection 

at  bottom, 

inches. 

Time. 

Remarks. 

I 

3f 
5i 

1,830 
2,230 

s 

3:17 
3:18 

g 
PS 

o 
2 
O 

2 

'       8 
III 

50 

2,630 
3,030 

3:19 
3:20 

Permanent       deflec- 
tion-^ inch. 
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end  of  the  lever  arm  was  supported  on  the  platform  of  a  2,500 
pound  capacity  -weighing  scale,  while  the  other  end  was  attached 
to  the  differential  chain  hoist. 

The  lever  acted  through  a  rocker  fulcrum  suitably  supported. 
The  load  was  applied  or  released  by  operating  the  differential 
hoist.  In  applying  the  load  the  hoist  would  reduce  the  distance 
between  the  hooks  at  any  rate  of  speed  desired.  A  graduated 
rule  was  fastened  at  the  top  of  the  pole  being  tested  and  extended 
back  parallel  with  the  line  of  poles  crossing  an  arm  containing  a 
gauge  pin  from  which  point  deflections  were  read.  This  arm 
was  nailed  to  a  rigidly  braced  upright  erected  near  the  rear  tele- 
graph pole.  Deflections  were  also  read  twelve  inches  above  the 
foundations  by  means  of  a  movable  rule. 

The  platform  for  supporting  the  observer  leading  deflections 
at  top  of  poles  was  suspended  from  a  nearby  bridge. 

For  general  arrangement  of  apparatus  see  Fig.  i. 

The  table  published  herewith  gives  the  loads  and  correspond- 
ing deflections  of  four  poles  tested. 

The  white  cedar  poles  broke  about  seven  feet  above  the 
foundation. 

The  concrete  poles  failed  by  crushing  of  the  concrete  in  the 
base  of  poles  at  the  level  of  the  foundation. 


A  NOVEL  MOIST  CLOSET. 
By  Ernest  B.  McCready. 

A  brief  description  of  a  moist  closet,  fully  equal  to  a  slate  or 
soapstone  closet,  and  which  may  be  made  in  any  laboratory  with  a 
minimum  of  cost  (considering  its  character)  may  be  of  interest. 

The  closet  shown  was  made  of  "waste  cement"  left  from 
testing — all  brands  mixed — and  several  samples  of  natural  sand 
from  the  same  source.  The  cement  was  thoroughly  mixed,  as 
were  the  sand  samples,  so  as  to  insure  uniformity  in  color,  etc. 
The  mortar  was  mixed  i  to  2  and  wet  enough  to  be  readily  filled 
into  and  tamped  down  in  a  |  in.  space.  The  walls  are  i\  in. 
thick,  except  the  center  panels  of  the  doors  which  are  only  h  in. 
thick.     The  walls  are  reinforced  with  h  in.  mesh  galvanized  wire 


netting.  The  hinges  in  this  closet  were  specially  designed  to  be 
imbedded  in  the  walls  and  doors.  Of  course,  if  desired,  ordinary 
strap  hinges  can  be  used  (except  that  they  should  not  be  of  iron), 
and  may  be  bolted  to  the  doors  and  walls.  The  hinge  shown  is  a 
little  more  expensive  but  makes  a  better  appearance. 

The  dimensions  of  this  closet  are  practically  the  same  as  those 
of  the  soapstone  closet  described  by  Mr.  R.  L.  Humphrey  and 
illustrated  by  Taylor  and  Thompson  and  others,  but  shape  and  size 
may  be  varied  to  suit  the  space  to  be  occupied  or  the  size  of  molds 
used.  The  necessary  forms  can  readily  be  made  by  any  carpenter, 
and  consist  of  an  outside  form  or  box  without  top  or  bottom  and 
two  inside  forms  or  cores  which  are  simply  boxes  with  tops  but  no 
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bottoms.  As  the  closet  is  cast  face  or  front  down,  the  top  of  the 
forms  means  the  back  of  the  closet.  When  the  forms  are  in 
position,  there  must  be  i  J  in.  clearance  all  around  each  core, — top, 
bottom  and  sides.  The  doors  are  cast  first  by  filling  in  a  frame 
of  the  proper  dimensions,  laid  on  a  pane  of  glass  or  other  flat 
surface  which  has  been  oiled.  The  hinges  are  placed  by  marks 
on  the  frame  and  secured  thereto  by  small  brads  before  the  mortar 
is  filled  in.  The  same  form  answers  for  the  two  doors  by  simply 
reversing  the  position  of  the  hinges.  (If  made  like  those  illus- 
trated, the  hinges  must  be  "right"  and  "left.") 

When  hard  enough  to  stand  handling,  the  two  doors  are 
placed,  in  their  proper  relation,  face  down,  on  a  flat  surface  and 
the  outer  box  form  placed  around  them.  The  edges  of  the  doors 
are  covered  with  several  thicknesses  of  oiled  paper  and  the  cement 
mortar  filled  in  around  them  level  with  the  doors,  making  the 
layer  of  mortar  just  i\  inches  thick.  The  inside  forms  are  imme- 
diately placed  in  position,  open  end  down  and  are  supported  by  the 
doors  which  are  sufliciently  hard.  If  correctly  made,  they  will 
reach  to  within  i\  in.  of  the  top  of  the  outer  form  and  there  will  be 
an  open  space  of  i  j  in.  all  around  each  core.  The  mortar  is  then 
filled  in  around  and  over  these  cores  and  smoothed  off  even  with 
the  top  edge  of  the  outer  form;  this  top  layer  forming  the  back  of 
the  closet. 

Of  course,  the  placing  of  the  reinforcement  adds  slightly  to 
the  detail  of  these  operations.  The  doors  and  the  back  are  filled 
in  two  layers  with  the  wire  placed  between.  The  wire  for  the 
sides — in  one  piece — is  placed  in  position  and  kept  in  the  middle 
by  strips  of  half  inch  board  which  are  moved  along  or  taken  out 
as  the  mortar  is  filled  in.  The  doors  may  be  paneled  and  their 
weight  reduced  by  placing  in  the  frame,  before  and  after  filling, 
a  piece  of  plate  glass,  slate  or  even  wood  of  the  desired  shape  and 
thickness.     These  are  removed  after  the  mortar  has  hardened. 

The  forms  must  be  thoroughly  shellacked  and  oiled  before 
use.  The  cores  must  be  put  together  with  screws,  entirely  from 
the  inside  and  exposed  ends  and  edges  slightly  beveled  so  that 
they  may  be  removed  after  the  cement  has  set.  The  shelf  ledges 
are  provided  for  by  longitudinal  strips  on  the  ends  of  the  core 
boxes,  in  width  equal  to  the  distance  desired  between  the  ledges. 
The  space  between,  when  filled  with  mortar,  makes  the  ledge. 
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The  appearance  of  the  closet  may  be  enhanced  by  thoroughly 
moistening  the  green  surfaces  after  the  removal  of  the  forms  and 
sifting  some  neat  cement  lightly  and  evenly  over  the  whole  from  a 
50  or  80  mesh  sieve. 

This  closet  has  been  in  use  a  little  over  a  year  and  has  given 
great  satisfaction.  It  is  water-tight  and  requires  no  felt  lining  to 
maintain  a  uniform  degree  of  humidity,  since  the  cement  walls, 
themselves  take  up  and  distribute  moisture.  By  actual  repeated 
tests,  we  have  found  the  percentage  of  saturation  on  the  top  shelf 
to  be  as  high  and  often  a  little  higher — owing  perhaps  to  a  slight 
difference  in  temperature — than  that  at  the  surface  of  the  water. 


A  NEW  IMPACT  MACHINE. 
By  L.  W.  Page. 

The  essential  parts  of  this  impact  machine,  Hke  all  others,  are 
a  hammer  and  an  anvil.  The  nature  of  the  work  for  which  it  was 
designed,  however,  has  made  it  necessar}^  to  introduce  a  number 
of  devices  not  before  employed  in  impact  tests. 

The  main  object  of  the  test  is  to  determine  the  relative  tough- 
ness of  road  building  rocks.  In  the  consideration  of  road  materials 
toughness  is  understood  to  mean  the  power  possessed  by  a  material 
to  resist  fracture  under  impact.  As  the  surface  of  a  road  is  con- 
tinually subjected  to  the  pounding  of  traffic,  it  can  be  seen  that 
toughness  is  an  important  property  from  the  standpoint  of  the  road 
builder.  From  the  laborator}^  standpoint  the  problem  is  not  alto- 
gether a  simple  one,  and  considerable  difficulty  has  been  found  in 
designing  a  suitable  test  for  measuring  the  degree  to  which  a  rock 
possesses  this  property.  With  homogeneous,  structureless,  brittle 
materials,  resistance  to  impact  may  be  due  to  a  relatively  low 
modulus  of  elasticity  combined  with  high  elastic  limit.  Provided 
a  blow  is  deHvered  by  a  flat  striking  head  with  small  local  damage, 
on  such  a  material  toughness  will  be  almost  due  wholly  to  elasticity. 
In  this  case  there  will  be  a  critical  energ}-  of  blow  below  which  the 
specimen  under  test  will  not  be  broken  by  an  indefinite  number  of 
blows,  and  in  excess  of  which  it  will  be  broken  by  a  single  blow. 
The  toughness  of  a  road  material  in  this  instance  will  vary-  directly 
as  the  square  of  the  elastic  limit,  which  equals  the  ultimate  strength 
and  inversely  as  the  modulus  of  elasticity.  In  testing  such  mate- 
rials under  impact  it  is  necessar}^  to  apply  a  number  of  blows  of 
successively  increasing  energ\%  and  note  the  blow  causing  failure. 
The  machine  which  I  am  about  to  describe  involves  this  principle, 
and  is  the  result  of  about  fourteen  years'  work  on  the  subject. 

Instead  of  the  hammer  falhng  directly  on  the  test  piece  it 
strikes  an  intervening  plunger,  and  the  energy  of  the  blow  is  con- 
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veyed  through  this  phmger  to  the  test  piece.  As  comparative 
vahics  are  sought  rather  than  physical  constants,  the  end  of  the 
I)kingcr  bearing  on  the  test  piece  is  spherical  in  shape,  thus  render- 
ing the  energy  of  the  blow  splitting  in  its  effect.  At  present  we 
have  in  the  laboratory  of  the  OiBce  of  Public  Roads  two  of  these 
machines,  one  having  a  2-kilogram  hammer  and  a  50-kilogram 
imvil,  a  perspective  and  front  view  photograph  of  which  is  shown 
in  Fig.  I.  This  machine  is  used  for  making  routine  tests  on  the 
toughness  of  road  building  rocks,  and  has  a  few  special  devices 
for  this  work.  The  other  machine  has  a  lo-kilogram  hammer 
and  a  500-kilogram  anvil,  and  is  used  for  larger  tests,  especially 
on  paving  blocks.  A  front  and  side  elevation  of  this  machine 
is  shown  in  Fig.  2.  In  describing  this  test  I  will  coniine  my 
remarks  entirely  to  the  smaller  machine  as  it  has  all  the  essential 
parts  of  the  other  and  a  few  improvements. 

The  test  for  toughness  is  made  on  25  millimeter  by  25  milli- 
meter rock  cylinders  which  are  cut  with  a  core  drill.  It  can  be  seen 
that  the  blow  as  delivered  through  a  spherical  end  plunger  approx- 
imates as  nearly  as  practicable  the  blows  of  traffic,  besides  this  it 
has  the  further  advantage  of  not  requiring  great  exactness  in  getting 
the  two  bearing  surfaces  of  the  test  piece  parallel,  as  the  entire 
load  is  applied  at  one  point  on  the  upper  surface.  The  test  piece 
is  adjusted  so  that  the  center  of  its  upper  surface  is  tangent  to  the 
spherical  end  of  the  plunger,  and  the  plunger  is  pressed  iirmly  upon 
the  test  piece  by  a  spring.  The  test  piece  is  held  on  the  anvil  of 
the  machine  by  a  device  which  prevents  its  rebounding  when  a 
blow  is  struck  by  the  hammer,  and  which  keeps  the  test  piece 
centered. 

The  hammer,  which  weighs  two  kilograms,  is  raised  by  a 
sprocket  and  chain  released  automatically  by  means  of  an  electro- 
magnet. The  test  consists  of  a  one  centimeter  fall  of  the  hammer 
for  the  first  blow,  and  an  increased  fall  of  one  centimeter  for  each 
succeeding  blow  until  failure  of  the  test  piece  occurs.  The  num- 
ber of  blows  required  to  destroy  the  test  piece  is  used  to  represent 
the  toughness  of  a  sample.  The  variation  in  results  on  the  same 
material  is  very  low;  only  in  rare  instances  does  a  variation  of 
more  than  one  blow  occur. 

The  machine  consists  of  a  2-kilogram  hammer  (A),  which  is 
guided  by  two  vertical  rods  (N).     The  upper  end  of  the  hammer 
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has  a  small  cone  set  in  it,  which  fits  snugly  into  a  concentric  electro- 
magnet (P),  the  latter  being  attached  to  the  lower  side  of  a  cross- 
head  (C),  which  shdes  freely  on  the  guide  rods  (N).  This  cross- 
head  is  provided  with  a  slot  on  its  rear  side  through  which  a 
sprocket  chain  (O)  passes.  This  sprocket  chain  being  supported  on 
the  sprocket  wheels  which  are  attached  to  castings  at  the  top  (I) 
and  near  the  base  (K)  of  the  machine,  which  project  sufficiently 
to  support  the  guide  rods  (N)  and  other  attachments.  The  lower 
sprocket  wheel  is  directly  connected  by  a  worm  gear  to  an  electric 
motor  (F),  placed  at  the  rear  end  of  the  lower  casting  (K).  The 
sprocket  chain  is  provided  with  two  small  lugs,  which  when  it  is 
being  driven  by  the  motor  engage  a  spring  bolt  attachment  which 
projects  inward  on  either  side  of  the  slot  on  the  crosshead  (C). 
This  raises  the  crosshead  until  tripped  by  a  rod  (Q)  projecting 
downward  from  an  upper  crosshead  (D).  When  this  takes  place 
the  crosshead  (C)  which  holds  the  electro-magnet  falls  until  it 
comes  in  contact  with  the  hammer  (A).  The  electro-magnet  (P) 
is  supplied  with  current  from  the  same  circuit  running  motor. 
The  current  being  conveyed  through  two  small  conducting  rods 
running  parallel  to  the  guide  rods,  both  being  insulated  from  the 
rest  of  the  machine.  The  current  passes  from  one  of  these  con- 
ductor rods  through  a  small  carbon  brush  to  a  make  and  break 
attachment  (H)  on  the  upper  crosshead  (D),  thence  do^vn  one  of 
the  guide  rods  through  the  electro-magnet  back  to  the  other  con- 
ductor rod. 

When  the  crosshead  (C)  is  raised  by  the  lugs  on  the  sprocket 
chain  and  the  current  turned  on  the  magnet,  the  hammer  is  hfted 
until  the  crosshead  (C)  comes  in  contact  with  the  make  and  break 
(H)  on  the  crosshead  (D)  and  thus  releases  the  hammer,  which 
falls,  striking  a  plunger  (L).  This  plunger  is  made  of  armor 
piercing  steel  which  has  the  maximum  temper  at  its  lower  end, 
which  is  spherical  in  shape.  The  test  piece  rests  on  a  counter 
anvil  (S)  of  hard  steel,  the  plunger  resting  on  its  upper  surface, 
which  is  tangent  to  it  at  its  center  point. 

The  upper  crosshead  (D)  is  raised  through  any  desired  height 
by  means  of  the  long  revolving  screw  (G),  which  is  geared  at  its 
lower  end  to  a  dial  (B),  on  which  the  height  of  the  make  and  break 
attachment,  and,  therefore,  the  height  of  the  hammer  drop,  may 
be  read  directly.     By  means  of  the  revolving  dial  and  screw  the 
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height  of  the  crosshead  may  be  adjusted  by  very  close  approxima- 
tion to  within  i  milhmcter. 

In  order  to  prevent  the  crosshead  (C)  which  holds  the  electro- 
magnet from  striking  too  hard  a  blow  on  the  hammer  when  falling, 
a  dash  pot  was  first  used,  but  we  have  found  that  a  few  drops  of 
cylinder  oil  on  the  lower  end  of  the  guide  rods  completely  prevents 
this  difficulty. 

A  point  of  interest  in  connection  wath  this  test,  is  the  fact  that 
many  of  the  test  pieces  are  split  into  three  pieces.  Just  why  this 
takes  place  I  am  unable  to  explain. 

The  highest  result  yet  obtained  was  on  a  sample  of  diabase 
from  Pennsylvania.  One  lest  piece  of  this  sample  broke  at  a  drop 
of  54  centimeters.  Three  months  later  another  operator  cut  and 
tested  another  test  piece,  which  broke  at  58  centimeters  drop. 
The  next  highest  result  was  on  a  fine-grained  sandstone  from 
Virginia.  One  test  piece  broke  at  49  and  the  other  at  50  centi- 
meters drop.  I  give  these  results  only  to  show  the  small  variation 
in  results  on  the  same  materials.  In  rocks  of  low  toughness  there 
is  generally  no  variation. 

Several  series  of  cement  briquettes,  of  the  same  size  as  the 
rock  cyhnders,  have  been  broken  in  this  machine,  with  practically 
no  variation  in  the  results.  It  was  necessary'  in  these  tests  to  use 
a  1-kilogram  hammer  to  give  high  numerical  values  to  the  results. 
This  test  has  also  been  found  most  useful  in  grading  asphalt  sur- 
face mixtures.  Some  interesting  penetration  tests  have  also  been 
made  on  wood  paving  blocks. 

In  concluding  I  may  state  that  a  very^  interesting  series  of  tests 
are  at  present  being  made  to  determine  the  detonating  points  of  the 
high  explosives.  It  has  already  been  ascertained  that  more  energy 
of  blow  is  required  to  detonate  nitro-glycerine  than  a  number  of 
the  other  high  explosives.  It  is  ver}^  easy  wdth  this  machine  to 
determine  the  detonating  point  of  an  explosive  at  a  given  tempera- 
ture within  I  centimeter  fall  of  the  hammer.  Nitro-gylcerine, 
for  instance,  detonates  at  a  30  cm.  drop  at  29°,  31  cm.  at  28°, 
34  cm.  at  24°,  35  cm.  at  23°,  67  cm.  at  11°,  and  95  cm.  at  8°. 


AN  INSTRUMENT  FOR  MEASURING   DEFORMA- 
TION OF  MATERIALS. 

By  H.  F.  Moore. 

In  1903,  Messrs.  x\dams  and  Hahn,  while  studying  reinforced 
concrete  beams  in  the  Materials  Laboratory  of  the  University  of 
Wisconsin,  found  it  necessar}"  to  devise  an  apparatus  for  the  meas- 
urement of  actual  elongation  and  compressions  along  the  longitu- 
dinal fibers  of  beams.  Measurements  to  one  one-thousandth  of  an 
inch  were  required  and  several  measurements  were  to  be  taken  as 
nearly  simultaneously  as  possible  over  horizontal  distances,  so  that 
the  micrometer  principle  was  not  con\-ement. 

A  method  was  tried  in  which  deformation  was  measured  by  the 
motion  of  a  pointer  over  a  dial,  a  drum  i  in.  in  circumference  being 
on  the  same  axle  as  the  pointer,  and  the  drum  being  rotated  by  a 
silk  thread  passing  over  it.  This  method  was  not  successful  owing 
to  the  great  change  in  reading  of  dial  caused  by  a  slight  change  of 
moisture  in  the  air  near  the  silk  thread.  The  idea  was  then  sug- 
gested that  the  silk  thread  be  replaced  by  a  fine  silk  covered  copper 
wire,  the  silk  giving  a  firm  frictional  hold  and  the  copper  core 
giving  constancy  of  length  to  the  wire.  This  idea  was  successful, 
and  the  apparatus  devised  by  the  experimenters  is  still  in  use 
for  making  determinations  of  the  position  of  neutral  axis  beams. 

An  instrument  based  on  the  same  idea,  but  applicable  to  a 
wider  range  of  tests,  has  been  in  successful  use  at  the  Materials 
Laboratory  of  the  University  of  Wisconsin  for  a  little  over  a  year. 
The  essential  part  of  the  apparatus  is  shown  in  Fig.  i.  The 
drum  D  and  the  pointer  P  are  fastened  to  an  axle  revolving  in 
hardened  steel  bearings  B.  Over  and  around  the  drum  passes  a 
fine  insulated  copper  wire  (No.  36  being  the  usual  size).  The  drum 
being  one  inch  in  circumference  and  the  dial  L  being  divided  into 
one  thousand  parts,  readings  can  be  made  to  one  one-thousandth  of 
an  inch  on  the  limb,  while  by  means  of  a  vernier  \^  readings  to  one 
ten-thousandth  of  an  inch  are  possible.  The  moving  parts  are  ver}- 
carefully  balanced.     The  whole  apparatus  can  be  fastened  to 
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Fig.  2. — Extensometer 
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clamps  or  surfaces  by  means  of  a  screw  S  which  allows  some  axial 
adjustment  of  the  whole  ap])aratus,  and  the  dial  can  be  clamped 
in  any  position  by  means  of  the  lock  nut  N.  In  attaching  or 
removing  the  apparatus  no  disturbance  of  the  adjustment  of  the 
axle  in  its  bearings  is  necessary. 

Fify.  2  shows  the  apparatus  used  as  an  extensometer,  the  form 
of  clamp  shown  being  especially  designed  for  attachment  to  exposed 


l« 

H^ 

■ 

^ 

Fig.  3. — Compressometer. 

rods  in  reinforced  concrete  beams.  The  dial  is  screwed  into  a 
block  which  in  turn  is  attached  to  a  pointed  screw,  the  clamps 
being  fastened  to  the  specimen  at  two  diametrically  opposite  points 
by  means  of  two  pointed  screws.  The  fine  copper  wire  is  kept  taut  by 
the  weight  W,  and  passes  around  the  drum  D,  then  down  to  lower 
clamp  and  over  idler  pulleys  1, 1,  and  I,  and  up  again  to  the  upper 
clamp.  The  outside  idler  pulleys  are  adjustable  as  to  distance  from 
specimen  and  as  to  angle  through  which  they  may  be  turned  about 
a  vertical  axis.  The  axles  of  the  outside  idler  pulleys  can  be  kept 
horizontal  when  screws  are  turned  by  loosening  the  thumbscrew^s 
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TT  and  turning  the  blocks.  All  axles  run  in  hardened  steel  bear- 
ings. The  apparatus  reads  twice  the  average  elongation  of  the 
specimen.  In  this  form  the  apparatus  has  been  used  to  determine 
the  modulus  of  elasticity  of  steel  and  to  measure  the  elongation  of 
exposed  reinforcing  rods  in  concrete-steel  beams. 

Fig.  3  is  from  a  photograph  of  the  apparatus  used  as  a  com- 
pressometer  attached  to  a  6  in.  concrete  cylinder.  Circular  clamps 
with  three  pointed  screws  in  each  are  attached  to  the  cylinder  at 
any  given  distance  apart  and  the  fine  copper  wire  brought  from  one 
side  of  upper  to  lower  clamp,  round  these  idler  pulleys  to  other 
side  of  cyhnder  and  then  up  to  drum  of  dial  apparatus,  which  is 
fastened  to  the  upper  clamp,  round  the  drum  and  finally  to  the 
weight  which  keeps  wire  taut.     As  in  the  extensometer,  the  dial 


Fig.    c;. — Measurement  of  TorsionPv]  Deformation. 


shows  twice  the  average  deformation.  In  this  form  the  apparatus 
has  been  used  to  measure  the  compression  of  concrete  and  of 
timber. 

Fig.  4  shows  the  adaptation  of  the  dial  to  measuring  deflec- 
tion in  a  cross  bending  test,  a  stick  of  timber  being  shown  as 
the  specimen.  On  each  side  of  the  specimen  are  pins  ZZ,  these 
being  attached  at  the  neutral  axis.  Side  pieces  RR  are  attached 
to  the  beam  by  two  of  these  pins  at  one  end  and  rest  on  the  other 
two  pins  at  the  other  end,  thus  permitting  sliding  at  one  end.  To  the 
center  of  the  beam  or  at  any  other  point  where  it  is  desired  to  meas- 
ure deflection  is  attached  a  clamp  C,  carrying  idler  pulleys  I  and  I. 
From  a  pin  attached  to  the  right  hand  side  piece  (see  cross  section 
through  h)  extends  the  fine  copper  wire  down  to  the  clamp,  over 
the  idlers  I  and  I,  and  up  to  the  left  hand  side  piece  where  it  passes 
round  a  third  pulley,  and  thence  around  the  drum  of  the  dial 
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apparatus,  which  may  be  screwed  at  any  convenient  position  on 
the  left  hand  side  piece.  As  in  the  other  cases,  the  wire  is  kept 
taut  by  a  weight  W,  and  the  dial  reads  twice  the  deflection.  As 
shown  in  Fig.  4,  the  apparatus  has  been  used  to  measure  the  deflec- 
tion of  timber  and  of  concrete  beams.  A  smaller  framework 
made  of  metal  has  been  used  in  measuring  the  modulus  of  elasticity 
of  steel,  in  a  cross  bending  test  of  bars  |-  x  i  in.  over  a  12  in.  span, 


Fig.  6. 


giving  results  for  the  modulus  of  elasticity  practically  identical 
with  those  of  tension  tests. 

Fig.  5  shows  the  arrangement  for  measuring  torsional  deforma- 
tion. At  one  end  of  the  gauged  length  of  the  specimen  is  a  clamp, 
and  to  this  clamp  is  fastened  a  maple  rod  extending  parallel  to  the 
specimen.  The  dial  is  fastened  to  an  angle  plate  on  the  free  end 
of  this  maple  rod.  The  fine  copper  wire  wrapped  round  drum  and 
specimen  acts  as  a  belt  and  is  kept  taut  by  the  constant  pressure  of 
the  maple  rod  acting  as  a  spring.  The  motion  of  the  pointer  over 
the  dial  indicates  actual  detrusion  at  surface  of  specimen  over  the 
length  covered  between  clamp  and  wire.  This  form  of  the  appa- 
ratus has  given  good  service  in  measuring  the  shearing  modulus  of 
elasticity  of  steel  shafts. 
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The  adaptability  of  the  dial  to  special  cases  of  measuring 
deformation  is  one  of  the  strongest  points  of  the  apparatus.     It  has 
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Fig.   7. — Tensile  Test  of  Wrought  Iron  Specimen. 

been  used  at  Wisconsin  to  measure  deformation  in  the  web  of  a 
built  up  steel  I  beam,  to  measure  the  deflection  in  a  small  cast  iron 
punch  frame,  as  before  noted,  to  make  determinations  of  the  posi- 
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tion  of  the  neutral  axis  in  concrete  and  in  timber  beams,  and  to 
measure  vertical  deformation  in  the  stirrups  of  reinforced  concrete 
beams,  this  last  use  being  illustrated  in  Fig.  6.  One  of  these  dials 
is  used  to  measure  the  extension  in  a  standard  test  bar  used  for 
calibrating  the  testing  machines  in  the  laborator}^ 

The  dials  are  calibrated  for  different  sizes  of  wire  by  fastening 
to  a  lathe  carriage  with  the  attached  wire  fastened  to  the  tail 
stock.  The  carriage  is  then  moved  a  known  distance,  usually  ten 
inches,  as  shown  by  a  standard  scale,  and  the  motion  as  shown  by 
the  dial  noted.  A  test  was  made  on  one  dial  to  determine  tendencv 
of  wire  to  slip  over  drum.  The  dial  was  fastened  in  the  tool  post  of 
a  lathe  and  the  wire  looped  round  a  small  pin  placed  eccentricallv 
in  the  lathe  chuck.  The  wire  led  from  pin  to  dial,  was  wound 
i^  times  around  dial  and  kept  taut  by  a  weight.  The  lathe  was 
turned  slowly  by  hand  and  maximum  and  minimum  readino-s  of 
dial  noted  before  and  after  a  run  of  100  revolutions.  It  was  found 
that  the  surface  of  the  drum  could  be  given  a  vibrator}^  motion  of 
0.143  i^-  ^t  a  speed  of  120  times  per  minute  before  slipping  occurred 
and  that  then  it  was  due  apparantly  to  stretching  of  the  wire.  It 
was  found  that  bare  wire  apparently  was  as  good  as  insulated  wire 
in  this  respect.  This  is  a  much  severer  test  than  has  ever  come 
on  the  dial  in  any  static  test  to  which  it  has  been  subjected. 

Fig.  7  shows  the  results  of  a  tensile  test  on  a  wrought  iron 
test  piece  0.501  inch  in  diameter  and  with  an  8-inch  gauge  length, 
the  centers  of  the  circles  indicating  the  points  as  computed  from 
the  observations.  This  curve  is  submitted  here  as  it  is  considered 
a  fairly  good  test  of  an  extensometer  to  get  data  for  a  stress- 
deformation  curve  of  iron  or  steel  within  the  elastic  limit. 

The  dials  in  use  at  Wisconsin  have  all  been  built  in  the  shop 
of  the  mechanician  of  the  College  of  Engineering,  Mr.  E.  H.  J. 
Lorenz,  and  the  satisfactor\'  results  obtained  are  due  in  no  small 
degree  to  the  excellent  workmanship  of  the  parts. 

The  advantages  of  this  apparatus  are  that  it  is  self-indicating, 
that  no  handling  of  parts  is  necessary  during  a  test,  that  the  "line 
copper  wires  make  a  very  convenient  connection  between  different 
parts  of  a  specimen  and  that  the  apparatus  is  adaptable  to  a  wide 
range  of  tests. 


WHITE-SOUTHER  ENDURANCE-TEST  SPECIMEN. 
By  Henry  Souther. 

For  certain  classes  of  work,  I  believe  that  an  endurance  test 
is  the  best  measure  of  the  value  of  any  given  material  for  any  given 
purpose. 

Back  in  the  days  when  the  bicycle  was  most  popular  this 
test  was  forced  upon  me,  and  I  rigged  up  in  my  laboratory  miny 
forms  of  endurance  test.  I  not  only  used  test  specimens  as  such, 
but  I  tested  by  endurance  methods  many  structures,  as,  for 
example,  assembled  wheels,  assembled  bicycle  frames  and  forks, 
and  bicycle  cranks.  All  of  these  tests  answered  the  problems  for 
which  they  were  contrived  with  the  greatest  finality.  I  did  not 
hesitate  to  make  recommendations  based  upon  the  results  obtained ; 
they  were  conclusive. 

The  one  possible  exception  to  this  statement  refers  to  the 
endurance-testing  machine  for  test  specimens.  I  took  for  my 
model  the  kind  of  machine  used  at  the  Watertown  Arsenal,  with 
which  I  w^as  famihar.  Much  experience  had  been  gained  with 
that  machine,  and  a  great  many  results  were  available  in  the 
government  records;  so  I  hoped  it  would  answer  every  purpose. 
The  results  obtained  with  it  were  not  as  consistent  as  they  should 
have  been,  although,  as  I  have  already  stated,  much  good  work 
was  done  and  definite  results  obtained,  upon  which  to  base 
recommendations. 

Mechanical  difficulties  developed  with  it,  due  to  its  construc- 
tion. The  construction  consisted  of  what  amounts  to  a  lathe  bed 
with  head  and  tail  stocks  t,t,  in.  apart,  and  provided  with  universal 
joints,  so  as  to  permit  the  bending  of  the  specimen,  the  load  being 
applied  at  the  middle  supported  upon  some  form  of  bearing,  either 
roller  or  plain  journal. 

The  specimen  was  objectionable,  it  being  very  difficult  and 
expensive  to  make  so  long  a  one  and  get  it  exactly  right.  Owing 
to  its  length,  it  vibrated  to  a  greater  or  less  degree,  the  vibration 
differing  in  different  tests  put  upon  the  specimen  different  and 
immeasurable  stresses.     Also,  at  the  point  of  application  of  the 

(6i6) 


Souther  on  Endurance-Test  Specimen. 


617 


^    1  g 

ilfe 

ShjvJ      fob 

&!fiH' 

fe&i 

3     0 

3    0    ^^0    0 

^0.0 

^0    0 

"1           •                M 

SPn 

0  ;^ao  "^ 

^ 

^;^ 

ao  0 

c 

M     c^    -a 

"'0 

■n  0  3  w  0 

".  ( 

1 

0 
•3 

(^  cij^  S  ■J 

^is 

& 

c 

T3-°g:H    0 

V.'C 

■S.-'O'C.C 

•g'g-TS'P'e.a   1 

0  •  •  • 

000 

(U   l-    jj      .      .      .  g    0 

"ni 

0  cs-r!  0  rt 
c  0  u  c:  i> 

-.-on 
oj  c  a> 

oca) 

g 

g^S-3^^ 

0  l-I 
3  C 

0  C   J^   4)   C 

3  c  v:  3  c 

P 

0  c 

3  C 

P?^^ 

(8 

<;q  d        o<5 

%o<  „o< 

!nO<5 

^CK 

•z. 

-~'-<z, 

2 

-<-<;w- 

< 

— V— 

<^-— ' 

St 

^     S° 

0  0000 

0 

0 

000 

0 

0 

0 

jj     00 

0  0000 

0 

f> 

000 

0 

0 

0 

0    vO    0   >^  n 

on 

r* 

0      >o     l~ 

•<t 

r^ 

0 

2: 

cS  3  t~co 

-     -C    0  0    "t 

N 

w 

0 

m 

t  ti 

0      CO  0  t^ 

Oi 

c^ 

0      cy     00 

0 

■*   5 

■d  0      ^ 

CO    ^C    0 

•+ 

M 

0                       M 

■* 

0    0 

<0 

00           0 

M 

r-. 

"    ?. 

c 

W 

" 

M_g 

(8 

a 

•^ 

E- 

0000 

0    0000 

0 

n 

000 

0 

0 

0    0 

Ui 

*^ 

0000 

0    0000 

0 

0 

000 

0 

0 

0    0 

d 
2: 

0.       "     0     M     0. 

CO 

irt 

M         0         t^ 

m 

M        0 

O^O  rr,  m 

M         in    0     >n   CO 

a 

0 

VO       CO      0^ 

nr. 

r^ 

0     "n 

M  in  f^o 

0      M  o^O 

0 

lO      «     00 

VI 

-t 

<*    m 

•a 

"            M 

CO    0   0 

^0 

" 

0     r» 

M        •<t 

« 

0       0 

0 

•SS3J1S 

\o-    -    - 

, 

^ 

-      - 

jaqM 

f^ 

•pBoq 

•0 

•^uso  a3(j 

inmin  10 

10    «no  wo 

in 

0 

000 

0 

0 

0     0 

000  o>  tn 

«         (^     0     M     0. 

00 

00 

>0    00     0. 

„ 

M-l 

ri     in 

u;  "Biioxa 

t^  «  «   N 

" 

CH 

ej     M 

•1U33   J3tl 

00  1^00  00 

0      OUTnoO 

•* 

00 

•*       Tf       0 

00 

CO 

M      ■* 

•B3JV 

MO     I-  vO 

10     r<  c^  0  0 

t^ 

M 

00         t^        M 

00 

(.4 

m    ■* 

JO  -pa-g 

u^ioO   ■* 

10 

" 

M        10       W 

m 

m     Tt 

0000 

0    0  0,0  0 

0 

0 

00c 

0 

•sqi 
•ui  -bg 

0000 

0      0000 

0 

0 

000 

0 

0 

0     0 

N    fX  00 

00      cs   ■<)■  0   CO 

t^ 

00       N       CO 

to   00 

"    t^  0.  0 

0    00  0  't  o> 

0. 

in 

M        ■*       W 

to 

'S  'H 

00    M   t~  O- 

r-    t~  -t  0  00 

0 

CO 

CO    00      «0 

M                       M 

" 

J 

0000 

■     0000 

0 

0 

000 

0 

0 

0     0 

•sqi 
•m  -bg 

0000 

•     0000 

0 

0 

000 

0 

0 

0     0 

00  o>  ■*  to 

•       N    -^lO   CO 

vO 

CO    00      t^ 

CO 

0    0. 

Otntn  M 

.    r-  Mvoo 

■t 

r^ 

0         CO        M 

m 

n      to 

1  'a 

lOl^lO-O 

.    10  M  r-vo 

•        MM 

00 

t^ 

r»    in   00 

0 

0.     ■* 

•1U30  J3J 

.... 

■A 

•^U3D  J3d 

.            .        .     0     M 

M 

•JO 

M 

•^U3D  19^ 

•     •  -"to 

M          ■    N    WOO 
0          •   r~  "^  M 

00 

t^     t^ 

•?N 

•  :  fo  to 

«           •            MM 

" 

•^uao  J3d 

0.  0  •  :  : 

0    >o    •    .    . 

0 

•■n 

c 

0      0 

•}S 

\o   t~  •  ; 

t     ■* 

•^n30  J3J 

e^  cor*  N 

0       (N    t*  CO  0> 
ni      0   MVO   M 

^ 

u    Oi    0 

r^ 

t^ 

0.     0 
CO      to 

"S 

0000 

w     0000 

1-00 

0 

0 

0       0 

H      •    •    •    • 

H 

H     •     • 

•iU30  J3(J 

0     IH    U^O 

M      0    CS    M    0 

00    >o  0  •*  ■* 

0 

CO 

MOO. 
CO      CO      CO 

0 

0 

?     ? 

•UH 

" 

M         M 

M        M 

•^USD  J3J 

r»  0.00  0. 

CO      Tt  >0  CO  t~ 

«^ 

•A 

m    CO    CO 

m 

m 

CO  -t  0    •O 

M         H     CO   •*    M 

to 

CO 

X     00 

d 

q  q  q  q 

q    q  q  q  q 

q 

q 

q    q    q 

q 

q 

q    q 

t^  I^  ir> 

w 

t 

t    vO     0 

,^ 

m 

•0 

0  r-100 

1/1     cooo  vOOC 

00 

0. 

Ov    m     in 

0 

•<f*«    CO 

CO     <<?  «    <^.  CO 

CO 

00_ 

00    vO    vO 

■* 

■* 

to     CO 

Tj-inr-oo 

CO    Tj-in  CON 

M 

•d- 

too 

M 

M 

ct      n 

0.  Ov  «    « 

w    loio  o>Tf 

■* 

^ 

■*   0    0 

•S^dTttBg 

M         M     M     0.0 

0 

0 

0     m    m 

0. 

0 

000 

<) 

0 

0    0 

«    f)    «    CI 

IN     «  M  n  « 

M 

M 

N     to     to 

to 

to 

CO     CO 

6i8 


Souther  on  Endurance-Test  Specimen. 


0) 

^ 

o: 

(-• 

D 

CQ 

u 

•d 

^ 

M    N 

^ 

c 

0 

0 

w 

u 

d  d 

u 

m 

2:2 

« 

O  0 

o  o  o 

0  0 

6 

d 

O  0 

O  0  0 

0  o 

°.  "2 

H._00_00_ 

r^oo 

'^  ■* 

N  t^  d 

Oo'  m" 

1 

o-  o 

«^  I- 

r-  o. 

m  H-  r- 

°  °. 

•d 

i-T  t-T 

m"  cT  r^ 

o"  « 

M 

-6 
c 
w 

O  0 

O  0 

O   0 

o  o 

o  o    ■ 

0  0 

q  M 

H    in      • 

t^  "t 

«  o 

N   ro     : 

00  o" 

O  N 

r^  0>    • 

r>.  rn 

r*  N 

"?  q  • 

0_m 

d 

M    M 

m'  o  : 

o" 

^ 

O  0 

0   0  0 

0  O 

•ssajis 

>o  0 

t^  in 

in  0  0 

0   0 

■  -taqij 

N-C 

p^^O  in 

•a  m 

M    M 

M    N    to 

N    CO 

mm 

mm  o 

m  0 

•pBoq 

ro  r- 

rri  t^  O 

l^  0 

o 

O 

o 

•ui  -bg 

o 

O 

0 

•S'W 

o" 

« 

4 

OO 

r- 

o 

o 

o 

o 

•UI  -bg 

0 

o 

o 

•T  'a 

o 

m 

oo" 

■* 

m 

<o 

0 

^ 

n 

■QldlU-Bg 

CO 

oc 

CO 

■o 

>c 

o 

ro 

tn 

fo 

■UI  Z 

q 

m 

q 

ut  •Hiioig 

■o 

?: 

■* 

•Bajy 

M 

vq 

H 

JO  'PSH 

« 

fO 

>o 

•* 

•uz 

o 

00 

m 

0 

. 

•8jI 

vq 

'; 

00 

. 

. 

■qj 

d 

: 

: 

1 

„ 

„ 

•us 

t- 

i^ 

t^ 

d 

d 

d 

r^ 

•no 

§1 

-M  4-a 

CO  « 

a! 

*j!J 

C       (U 

T3 

^ 

"E 
E 
eg 

> 

0 

o 

« 

■d 
"o 

o 

> 

O 

(^ 

C^ 

0 

n 

M 

n 

fO 

fO 

00 

CO 

00 

-o 

■o 

o 

t^ 

•o 

<0 

Souther  on  Endurance-Test  Specimen.  619 

load,  more  or  less  heat  developed  and  to  a  greater  or  less  extent 
must  have  influenced  the  test,  because  the  heating  came  at  the 
point  of  greatest  bending  moment.  High  speeds  with  this  form 
of  specimen  were  out  of  the  question,  because  of  the  vibration,  and 
something  like  five  or  six  hundred  r.  p.  m.  seemed  to  be  the  upper 
limit.  All  this  criticism  is  not  with  the  idea  of  detracting  from 
the  value  of  the  work  done  at  Waterto^vn,  because  I  believe  it  has 
been  very  valuable,  but  simply  to  show  my  starting  point  in  the 
evolution  of  an  endurance  machine. 

With  all  these  facts  in  mind,  Mr.  Maunsel  White  and  myself 
devised  a  test  specimen  which  seems  to  do  away  with  all  the  ob- 
jections mentioned  without  introducing  others  of  serious  moment. 

This  specimen,  measuring  about  13  in.  over  all,  is  a  compara- 
tively cheap  one  to  prepare;  also,  as  it  is  large  at  its  center,  there 
is  Httle  trouble  in  the  lathe  due  to  bending.  It  is,  therefore,  quite 
easy  to  make  accurate  to  size  and  straight.  It  is  a  double-ended 
specimen,  which  makes  it  possible  to  obtain  definite  results,  even 
though  there  may  be  a  flaw  or  other  defect  in  one  end.  This 
double-ended  specimen  also  gives  check  results  in  case  both  ends 
are  sound.  I  feel  that  the  higher  of  the  two  results  is  the  proper 
one  to  accept,  inasmuch  as  it  is  the  highest  measure  of  the  efficiencv 
of  the  material  under  test,  and  no  material  can  endure  beyond  its 
capacity. 

The  specimen  is  supported  at  the  center  portion  on  large  ball 
bearings,  and  may  be  rotated  at  very  high  speeds.  No  heat  is 
produced,  at  least  no  great  amount  of  heat,  and,  even  if  it  were,  the 
center  portion  being  larger  than  the  ends,  it  would  matter  little. 
There  is  no  wear  of  any  kind  on  the  specimen,  the  loads  being 
applied  at  the  ends,  therefore,  not  at  the  point  of  greatest  bending 
moment.  The  critical  points  of  the  specimen  are,  of  course,  the 
fillets,  coming  at  the  point  of  greatest  bending  moment.  These 
must  be  accurate  to  shape  and  perfectly  macliined;  slight  flaws 
or  defects  at  this  point  are  serious. 

At  the  best,  an  endurance  test  must  be  a  comparative  one, 
and  it  is  for  this  reason  that  I  am  bringing  this  matter  before 
the  Society  at  this  time.  We  must  get  a  standard  endurance  speci- 
men as  soon  as  possible,  and  I  put  this  one,  devised  by  Mr.  White 
and  myself,  before  the  Society  as  a  basis  upon  \j'hich  to  start  the 
discussion.     I  ask  the  Society  to  take  some  action,  and  perhaps 
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appoint  a  committee  which  shall  consider  the  whole  question  of 
a  standard  endurance-test  specimen.  It  is  more  important,  to 
my  mind,  than  any  other  test  specimen  that  has  been  standardized 
by  the  Society.  Another  suggestion  I  wish  to  make  in  connection 
with  endurance  tests  is  that  as  far  as  possible  (consistent  with 
shop  secrets)  this  Society  act  as  a  clearing  house  for  any  endurance 
results  that  mry  be  obtained  upon  any  form  of  standard  specimen 
adopted  by  it.  I  cannot  help  feeling  that  there  are  many  results 
that  could  be  reported  to  the  Society  with  this  idea  in  view  without 
commercial  injur}'  to  those  reporting  them.  If  my  assumption  is. 
correct,  surely  the  benefit  resulting  from  such  action  would  be 
invaluable. 

I  append  herewith  a  table  of  characteristic  results  obtained 
without  going  into  exact  details.  This  series  of  tests  was  under- 
taken to  get  a  ground  work  for  suitable  comparison.  For  example, 
the  first  specimen  may  be  classed  as  high  grade  machine  steel.  It 
will  be  noted  that  the  elastic  limit  was  about  60,000  lbs.  per  sq. 
in.,  as  shown  by  the  tensile  test.  My  idea  was  to  break  this 
quickly,  and  I  therefore  loaded  it  with  a  fiber  stress  of  53,600  lbs. 
per  sq.  in.  and  quick  results  were  obtained,  as  expected.  I  then 
went  forward  with  high  grade  material,  one  after  another,  variously 
treated,  the  heating  being  carefully  done  in  an  electric  furnace 
in  connection  with  a  pyrometer.  There  are  some  exceptions  to 
this,  in  that  some  of  the  specimens  were  tested  as  received. 

The  results  obtained  show  the  tremendous  possibility  in  the 
use  and  adoption  of  high  grade  materials.  The  tests  also  show 
that  in  order  that  the  endurance  test  may  not  be  too  prolonged  and 
therefore  not  practical,  it  must  be  conducted  in  such  a  way  as  to 
give  quicker  results  than  some  of  those  given.  For  example,  it  is 
practically  out  of  the  question  for  a  manufacturer  to  wait  for  a 
machine  to  run  one  hundred  million  revolutions,  or  probably  ten 
weeks,  running  night  and  day  at  1,300  r.  p.  m.  Consequently,  I 
have  adopted  lately  an  increasing  fiber  stress ;  for  example,  starting 
the  test  at  50,000  lbs.  fiber  stress,  and,  if  the  specimen  endures  for 
ten  million  revolutions,  increase  it  to  60,000  lbs.,  and  after  the  next 
ten  million  increase  it  to  70,000  lbs.,  and  so  on  until  rupture  occurs. 

It  is  still  possible  to  compare  the  behavior  of  various  steels 
and  to  show  the  results  graphically.  The  test  is,  consequently, 
more  useful  because  more  valuable. 
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A  higher  number  of  revolutions  than  adopted  for  our  tests 
may  be  used  with  this  machine,  if  considered  desirable,  but  I  feel 
that  1,300  r.  p.  m.,  more  or  less,  is  a  practical  number.  For 
example,  the  crank  shaft  of  an  automobile  rotates  at  that  speed, 
and  there  are  many  rotating  parts  in  the  manufacturing  industries 
that  are  near  that  speed.  Were  a  ver\'  much  higher  number  to  be 
adopted  certain  unknown  elements  might  be  introduced  into  the 
test  that  would  render  the  results  questionable,  as  being  a  test 
carried  on  under  abnormal  conditions. 

The  number  of  revolutions  in  a  given  time  is  shown  in  the 
following  table. 

1,300  revolutions  per  minute, 


78,000 

" 

"    hour, 

1,862,000 

" 

"    day. 

13,034,000 

" 

"    week, 

55,860,000 

** 

"    month 

Table 

III. 

Alu 

MINUM. 

37261 
37262 
36152 
36155 
36156 
37044 
37045 
37046 


Mn. 

Cu. 

Zn. 

Al. 

Spec. 
Grav. 

M.  S. 
sq.  in. 

Fiber 
Stress. 

O.II 

Trace 

7.84 
0.34 
3-20 
6.80 
8.20 
3.00 

0.00 
16.24 
26.72 
22.78 
22.44 
27.00 
27.00 
27.00 

92.05 
83.42 
70.08 
70.42 
69.36 
70.00 

2.86 
2.97 
3.23 
3.22 
3-24 
3.30 

*i6,ooo 

*25,000 

32,000 

20,000 
*30,ooo 

10,600 

Endurance 


No.  I. 


558,600 
1,550,400 
1,613,900 
3,438,400 
12,038,500 
5,415,900 
3,029,900 
2.513.300 


No.  2. 


816,500  Broke 
1,618,300      " 
477,600 
435,500 
815,600 
257,300 
S43,ooo       " 
707,200       " 


*  Estimated  from  other  specimens. 


For  any  manufacturer  whose  product  goes  into  machinery 
subjected  to  dynamic  loads,  such  a  test  ought  to  be  extremely 
valuable.  Further,  the  heat  treatment  of  steel  and  the  great 
benefits  derived  from  it  are  rapidly  being  appreciated  and  increas- 
ingly used  by  all  manufacturers.  Such  a  test  is  a  measure  of  the 
benefit  due  to  heat  treatment.  Moreover,  I  have  found  that  cer- 
tain clients  in  talking  about  the  increased  strength  of  new  alloys 
and  heat  treating  in  general,  have  said — "Oh!  yes;  of  course  there 
is  a  great  increase  in  strength  and  apparent  toughness  and  good 
qualities  in  general,  but  how  about  the  capacity  of  the  metals  in 
such  a  condition  to  resist  shock?"     I  believe  that  this  test  does 
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show  the  capacity  of  metals  to  resist  shock,  whether  of  impact 
nature  or  akemate  stress. 

In  the  table  of  results  given  will  be  found  a  number  of  alum- 
inum and  bronze  specimens  which  are  very  instructive. 

We  are  just  beginning  to  get  at  the  results  of  tests  on  Vana- 
dium steels.  The  few  we  have  that  are  trustworthy  show  a  con- 
siderable benefit  under  the  endurance  test,  but  I  do  not  like  to 
put  them  on  record,  for  there  are  certain  features  of  the  treatment 
unknown  to  me.  We  also  had  the  misfortune  to  have  our  pyrom- 
eter go  wrong  in  connection  with  the  treatment  of  several  specimens, 
and  the  results  are,  therefore,  worthless.  To  generalize,  however, 
it  is  my  impression  that  Vanadium  will  add  to  the  endurance  of 
any  given  steel  if  present  in  quantities  approximating  0.25  per  cent. 

The  increased  endurance  seems  to  be  at  least  four  to  one, 
but  in  view  of  the  above  lack  of  knowledge  on  my  part  as  to  all 
the  conditions,  I  do  not  wish  to  commit  myself  fully.  In  another 
year  it  ought  to  be  possible  to  put  definite  figures  before  the  Society. 


DiscussiOiSr. 


Mr.  William  K.  Hatt. — The  author  made  the  statement,  Mr.  Hatt. 
I  think,  that  in  his  opinion  defects  of  brittleness  brought  out  by  the 
impact  test  proper  are  also  shown  in  this  endurance  test.      Am  I 
right?     If  I  am  right,  I  wonder  what  evidence  there  is  for  that 
opinion. 

]Mr.  Henry  Souther. — The  answer  takes  me  back  to  Mr.  Souther, 
bicycle  days.  We  tempered  a  great  deal  of  nickel  steel  tubing  and 
it  was  subject  to  shock  in  use.  Those  tubes  which  stood  up  well 
in  the  endurance  machine  gave  us  no  trouble  in  actual  practice. 
The  same  rule  seems  to  be  developing  in  the  automobile  business. 
The  business  is  too  young  to  speak  delinitely,  but  it  is  apparent 
already  that  it  is  in  some  measure  true. 

Mr.  Edgar  Marburg. — ]Mr.  Chairman,  in  reply  to  one  or  Mr.  Marburg, 
two  suggestions  or  recommendations  that  Mr.  Souther  oflfered,  the 
first  being  the  question  of  the  standard  specifications  for  endurance 
tests  to  be  taken  up  by  the  Society,  I  should  like  to  say  that  that 
comes  directly  within  the  province  of  Committee  K  on  ^Methods  of 
Testing,  of  which  Professor  Lanza  is  Chairman.  And  the  second, 
that  this  Society  should  be  made  a  clearing-house  for  reports  on 
endurance  tests,  even  though  it  may  seem  at  first  blush  that  certain 
commercial  interests  may  be  unfavorably  affected  thereby,  I  think 
we  all  are  beginning  to  feel  that  he  who  does  not  recognize  this 
Societv  as  the  best  clearing-house  for  anv  information  concernino- 
materials  that  he  wishes  to  promulgate,  is  behind  the  times. 

Mr.  Gaetaxo  Lanza. — I  believe  that  before  long  we  shall  have  Mr.  Lanza, 
to  prescribe,  in  many  cases,  specifications  for  endurance  tests;  more- 
over, I  wiU  add  that  in  Committee  K  we  have  arranged  to  have  a 
sub-committee  on  endurance  tests.  While  this  sub-committee  has 
not  yet  been  set  to  work,  nevertheless  requests  have  alreadv  been 
sent  by  Committee  K  to  the  various  testing  laboratories,  askino- 
for  a  statement  of  their  practice  in  this  regard,  the  replies  to  serve 
as  an  aid  to  the  sub-committee  in  its  work. 
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MULTIPLYING  DIVIDERS  FOR  LOCATING  YIELD 

POINT. 

By  J.  A.  Capp. 

The  difficulties  which  are  encountered  in  locating  the  yield 
point  during  tension  tests  are  such  that  any  simple  cheap  device 
which  can  assist  in  its  definite  location  should  be  of  value. 

The  use  of  the  dividers  ordinarily  employed  for  the  purpose 
requires  very  close  watching  on  the  part  of  the  operator,  and  there 
is  always  a  considerable  interval  during  which  he  is  apt  to  be  more 
or  less  in  doubt  whether  the  point  of  the  dividers  has  really  sKpped 
out  of  the  prick  punch  mark  or  not.  It  seems  to  be  a  fact  that  the 
uncertainties  regarding  the  location  of  the  yield  point  generally 
result  in  the  reporting  of  values  the  error  in  w^hich  is  on  the  high 
side.  This  can  hardly  be  considered  as  in  favor  of  the  steel 
maker,  even  should  it  result  in  the  acceptance  of  material  which 
otherwise  might  not  be  thought  to  meet  specified  requirements, 
and  it  certainly  is  not  to  the  advantage  of  the  designer  who  uses 
the  quantity  called  the  elastic  hmit  in  his  calculations. 


Fig.  I. — Multiplying  Dividers  for  locating  yield  point  on  tension  test 
specimens,  ^  in.  in  diam.,  2  in.  long. 

There  has  been  in  use  in  the  laboratory  with  which  the  writer 
is  connected,  a  pair  of  dividers  (Fig.  i)  made  on  the  same  principle 
as  the  scaling  dividers  used  largely  by  architects.  The  cut  shows 
fairly  clearly  the  general  appearance  of  the  tool  which  is  seen  to 
consist  of  two  arms  so  pivoted  that  the  motion  of  the  points  in 
which  the  short  arms  terminate  is  multiplied  about  ten  times  at 
the  scale  and  Dointer  forming  the  ends  of  the  long  arm.     To 
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prevent  lost  motion,  it  is  essential  that  tlie  pin  be  fitted  very  accu- 
rately into  the  bearings  in  the  lever  arms.  The  ends  of  the  bearing 
pin  terminate  in  cupped  and  milled  heads  forming  easy  grips  for 
the  thumb  and  finger.  The  short  arms  of  the  bent  levers  are  so 
proportioned  that  the  hard  steel  points  in  which  they  terminate 
shall  be  2  inches  apart  when  the  pointer  rests  over  the  zero  mark 
on  the  scale. 

In  use  the  steel  points  are  inserted  in  the  prick-punch  marks 
on  the  test  specimen  and  the  instrument  held  fairly  tightly  against 
the  test  piece.  The  motion  of  the  pointer  across  the  scale  is  then 
watched  and  when  the  yield  point  is  reached  the  ver}^  sudden  and 
marked  increase  in  rate  of  travel  of  the  pointer  across  the  scale 
leaves  no  uncertainty  as  to  its  definite  location. 

This  device  has  been  used  in  the  testing  of  all  sorts  of  metals, 
and  it  has  been  found  useful  even  for  such  soft  materials  as  brass 
and  bronze,  where  there  is  no  really  sharply  marked  yield  point 
or  jog  in  the  elastic  curve,  as  in  the  case  of  steel. 


THE   DEVELOPMENT   OF  THE   PENETROMETER    AS 
USED  IN  THE  DETERMINATION  OF  THE  CON- 
SISTENCY OF  SEMI-SOLID  BITUMENS. 

By  Clifford  Richardson  and  C.  N.  Forrest. 

In  the  early  days  of  the  asphalt  paving  industn-  no  means  were 
available  or  recognized  for  determining  the  consistency  of  the 
bituminous  cementing  material  which  was  in  use,  other  than  that 
derived  from  placing  a  small  piece  in  the  mouth  and  judging  by  its 
resistance  to  the  teeth,  after  it  had  attained  the  normal  body  tem- 
perature, w^hat  its  consistency  might  be.  This  was  purely  empiri- 
cal, and  there  w^as  no  way  of  recording  the  judgment  in  figures. 

The  need  of  some  more  definite  way  of  determining  and 
registering  the  consistency  of  a  bituminous  cement  w^as  very  soon 
recognized  by  Mr.  H.  C.  Bowen,  of  the  School  of  Mines,  of  Colum- 
bia University,  w'ho,  in  1888,  being  engaged  by  the  Barber  Asphalt 
Paving  Company  in  control  of  its  work,  devised  an  instrument, 
built  in  a  crude  way  of  wood,  which  he  denominated  a  "Pene- 
tration Machine."  (Fig.  i.)  A  few  years  later  this  was  recon- 
structed in  metal  and  patented,  under  No.  494,974,  April  4,  1893. 
There  was  some  difference  in  the  readings  of  the  wooden  and  the 
metal  machines,  the  two  not  being  built  in  the  same  proportions 
or  with  the  same  weight  upon  the  needle. 

The  principle  upon  which  this  penetration  machine  worked, 
and  upon  which  all  others  which  have  been  designed  since  then 
have  been  based,  is  the  measurement  of  the  distance  that  a  cambric 
needle  of  definite  size  will  penetrate  into  a  bituminous  cement, 
under  a  definite  weight,  during  a  definite  interval  of  time  and  at  a 
definite  temperature.  The  Bowen  apparatus  has  been  described 
by  its  originator  in  the  "School  of  Mines  Quarterly,"  1889,  10, 
297,  a,nd  by  one  of  the  authors  in  the  "Report  of  the  Operations  of 
the  Engineer  Department  of  the  District  of  Columbia,"  for  the 
fiscal  year  1889-90,  page  106,  and  in  the  "Engineering  Record," 
October  31,  1891.  It  is  also  described  at  length  in  "The  Modem 
Asphalt  Pavement,"  page  522. 
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This  apparatus  served  its  purpose  extremely  well  for  a  number 
of  years  and  does  so  to-day,  to  a  ver}-  large  extent,  for  regulating 
the  consistency  of  bituminous  cements  in  the  la  bora  tor}-  and  in 
paving  plants,  but  it  was  recognized  after  some  years  that  the 
readings  were  purely  arbitrar}'  and  that  if  the  original  machine 
was  destroyed  there  would  be  no  way  of  replacing  it.  This  fact 
was  recognized  by  Mr.  A.  W.  Dow,  the  successor  of  one  of  the 


Fig.  I. 


authors  of  this  paper  in  the  office  of  the  Inspector  of  Asphalt  and 
Cements,  at  Washington,  D.  C,  and  in  his  report  for  the  fiscal 
year  ending  June  30,  1898,  he  proposes  the  use  of  a  needle,  fixed 
in  the  end  of  a  rod,  the  weight  of  which  can  be  varied.  The  rod  is 
held  in  a  vertical  position  by  means  of  a  jaw  clamp  which,  when 
released,  admits  of  the  penetration  of  the  needle,  under  direct 
weight,  "^ith  practically  no  friction,  into  the  surface  of  the  bitumi- 
nous cement  to  be  tested.  This  proposition  was  a  distinct  advance 
over  the  indefinite  arrangements  of  the  Bowen  apparatus.     It  was 
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afterwards  worked  out  in  greater  detail  by  Mr.  Dow,  and  was 
described  by  him  in  the  "Report  of  the  Operations  of  the  Engineer 
Department  of  the  District  of  Cokimbia,"  for  the  fiscal  year  ending 
June  30,  1901,  page  158,  and  in  a  paper  read  by  him  before  the 
Society  in  1903  (Vol.  Ill,  p.  354).  The  construction  of  the  appa- 
ratus is  illustrated  diagrammatically  in  both  places.  See  also 
Fig.  2.  The  arrangement  is  such  that  a  No.  2  cambric  needle, 
weighted  with  50,  100  or  200  grams,  depending  upon  the  tempera- 
ture at  which  the  consistency  of  the  bituminous  cement  is  to  be 
determined,  is  allowed  to  penetrate  for  five  seconds  into  the  mate- 
rial the  consistency  of  which  it  is  desired  to  determine.  The  depth 
to  which  the  needle  penetrates  is  registered  in  tenths  of  a  milli- 
meter by  a  device  which  is  quite  independent  of  the  ne(^dle  itself. 
It  is  readily  seen  that  this  instrument  is  one  which  is  based  upon 
certain  definite  conditions  w^hich  can  be  reproduced  at  any  time. 
It  has  been  in  use  satisfactorily  for  a  number  of  years,  but  possesses 
certain  disadvantages  which  an  effort  has  been  made  to  overcome 
in  the  "  Penetromoter, "  which  we  are  about  to  describe. 

In  the  Dow  instrument  all  the  parts  are  of  very  light  construc- 
tion and  require  a  certain  deficacy  of  touch  to  use  it  satisfactorily 
and,  consequently,  it  is  not  easily  manipulated  by  such  men  as  are 
found  at  paving  plants,  although  these  disadvantages  are  of  slight 
consideration  in  the  laboratory.  The  shelf  upon  which  the  sample 
to  be  tested  is  placed  is  fixed  and  the  needle  must,  therefore,  be 
brought  down  toward  the  surface  of  the  bituminous  cement  until 
it  is  in  contact  with  it.  On  each  side  of  the  shelf  which  holds  the 
sample  are  the  two  rods  of  the  frame  from  which  the  weight  which 
acts  upon  the  needle  is  suspended.  These  are  much  in  the  way 
in  adjusting  the  needle  in  contact  with  the  surface  of  the  bitumi- 
nous cement  and  restrict  the  size  of  the  sample  of  the  latter. 

In  the  "Penetrometer",  Fig.  3,  an  attempt  has  been  made 
to  overcome  these  features,  without  seriously  impairing  the 
accuracy  of  the  instrument.  The  sample  to  be  tested,  which  may, 
if  desired,  be  of  large  or  small  size,  is  placed  upon  a  table  which 
is  supported  upon  a  screw,  enabling  the  needle  to  be  set  at  zero, 
and  the  sample  to  be  brought  up  to  contact  with  the  point  by 
elevating  it  with  the  screw.  The  entire  weight  acting  upon  the 
needle  is  contained  in  the  tube  which  holds  it  and,  being  placed  at 
the  lowest  possible  point  in  the  tube,  does  not  tend  to  sericusly 
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divert  it  from  the  vertical  on  the  release  of  the  clamp  and  makes 
it  possible  to  do  away  with  the  frame  which  is  so  much  in  the  way 
in  the  Dow  apparatus.  The  "Penetrometer"  is  given  greater 
stability  than  the  Dow  apparatus  by  making  a  much  larger  and 
firmer  clamp  to  hold  the  tube,  while  all  the  other  parts  of  the 


i-i^. 


instrument  are  rigidly  constructed.  The  increased  friction  of  the 
clamp  on  the  rod  reduces  the  extent  of  the  penetration  of  the  needle 
by  one-  or  two-tenths  of  a  milHmetcr,  but  this  is  practically  of  no 
consequence,  as  it  is  a  variation  not  greater  than  that  due  to  dif- 
ferent needles  or  to  the  personal  equation  of  various  operators. 
The  .determination  of  the  depth  to  which  the  needle  has 
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penetrated  is  arrived  at  by  a  similar  means  to  that  employed 
in  the  Dow  miichine,  a  rack  and  pinion,  but  the  rod  to  which 
the  rack  is  attached  is  prevented  from  moving,  not  by  a  balance 
weight  attached  to  a  cord  as  in  the  Dow  machine,  l)ut  by  a  spring 
exerting  a  slight  pressure  against  its  side.     This  does  away  with 


Fig. 


the  opportunity  for  the  cord  and  balance  weight  to  be  knocked  out 
of  place  or  lost  and  makes  the  apparatus  much  more  convenient  to 
move  from  place  to  place.  The  penetration  of  the  needle  is 
registered  in  tenths  of  millimeters,  on  the  same  scale  as  in  the 
Dow  machine,  and  the  time  during  which  the  weight  acts  is  made 
five  seconds  instead  of  one,  as  is  the  case  with  the  Bowen  apparatus. 
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The  detail  of  the  manipulation  of  tests  is  the  same  with  the 
"Penetrometer"  as  with  the  Dow  apparatus,  and,  owing  to  the 
manner  in  which  this  has  been  described  in  a  number  of  places, 
it  is  unnecessary  to  repeat  the  directions  here. 

The  "Penetrometer"  is  manufactured  by  Messrs.  Howard 
&  Morse,  1197  DeKalb  Avenue,  Brooklyn,  N.  Y. 


DISCUSSION 


Mr.  whinery.  Mr.  S.  Whinery. — The  apparatus  designed  by  the  authors 

and  described  in  this  paper  is  obviously  a  distinct  advance  over 
the  penetration  devices  that  have  preceded  it. 

While  penetration  apparatus  of  this  general  design  has 
undoubtedly  served  a  useful  purpose  for  determining  approximately 
the  relative  hardness  of  paving  cements,  they  are  so  wrong  in 
principle  and  so  defective  in  practical  operation  that  they  must  be 
considered  as  having  ver}'  Httle  claim  to  recognition  as  accurate 
scientific  or  practical  apparatus.  Some  of  their  defects  may  be 
briefly  pointed  out: 

1.  The  needle  used  is  a  pointed  spindle.  As  this  spindle 
penetrates  the  bitumen,  it  displaces  a  volume  of  bitumen  equal 
to  the  volume  of  the  immersed  needle,  and  the  work  done  by  the 
weight  actuating  the  needle  is  proportional  to  the  volume  thus 
displaced.  This  volume  increases  as  the  square  of  the  diameter 
of  the  needle.  Consequently  the  rate  of  penetration  for  successive 
equal  periods  of  time  must  constantly  decrease  as  the  depth  of 
penetration  of  the  needle  increases.  The  depth  of  penetration  of 
the  needle  in  a  given  time  is  therefore  not  a  correct  measure  of  the 
hardness  of  the  bitumen.  The  results  would  be  more  correct  and 
satisfactory  if  the  seconds  of  time  required  to  attain  a  certain 
fixed  depth  of  penetration  were  made  the  standard  of  comparison. 

2.  Since  in  pitch  and  similar  substances  the  ordinary  laws  of 
friction  do  not  hold  good,  the  frictional  adhesion  of  the  paving 
cement  to  the  surface  of  the  penetrating  needle  is  not  independent 
of  the  area  of  that  surface.  It  is  rather  a  direct  function  of  the 
area  of  surface  in  contact.  The  frictional  adhesion  between  the 
needle  and  the  bitumen  under  penetration  increases  more  rapidly 
than  the  depth  of  penetration  and  this  varying  element  of  resistance 
is  in  itself  of  sufficient  magnitude  to  discredit  the  constant  rate 
of  penetration  assumed  in  the  use  of  these  devices. 

3.  In  these  devices  there  is  no  provision  for  determining 
accurately  the  period  of  time  during  which  the  penetration  takes 
place.     The  needle  is  released  at  the  beginning  and  clamped  fast 
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at  the  close  of  the  operation  by  the  hand  of  the  operator,  and  the  Mr.  Whinery. 

period  of  time  is  determined  by  observing  the  beats  of  a  pendulum. 

Where  the  period  of  time  used  is  one  second  the  percentage  of 

possible  error  in  the  time  observation  and  in  the  manual  releasing 

and  clamping  of  the  needle  is  Ukely,  if  not  almost  certain,  to  be 

so  great  as  to  make  the  observations  inaccurate. 

4.  There  is  necessarily  some  friction  between  the  shaft  or 
stem  carr}dng  the  needle  and  the  guide-bearings  through  which  it 
passes.  The  resistance  to  the  free  movement  of  the  needle  caused 
by  this  friction  may  var}'  considerably  with  the  differing  degrees  of 
pressure  between  the  needle  shaft  and  the  guides,  which  must  be 
unavoidable  in  operating  the  device,  and  this  may  affect  the  accu- 
racy of  the  results  obtained. 

5.  As  remarked  by  the  authors,  there  is  more  or  less  difficulty 
in  setting  the  delicately  pointed  needle  in  a  uniform  position  of 
contact  with  the  surface  of  the  bitumens  to  be  tested.  It  is  also 
true  that  so  delicate  a  needle,  requiring  a  ver)^  slight  weight  to 
actuate  it  is  peculiarly  likely  to  have  its  free  movement  interfered 
with  by  the  small  particles  of  inorganic  matter  present  in  some 
bitumens,  since  the  ratio  between  the  resistance  offered  by  these 
particles  and  the  actuating  weight  is  small. 

6.  The  registering  device  used  to  record  the  depth  of  penetra- 
tion is  unsatisfactory'  and  may  be  inaccurate.  A  slight  difference 
in  the  pitch  of  the  cord  as  it  is  wound  around  the  index  shaft  may 
change  materially  the  index  reading,  and  possible  shppage  of  the 
cord  on  the  index  shaft  may  make  the  readings  unreliable. 

These  defects  not  only  exist  in  theory,  but  they  have  been 
confirmed  by  careful  observation.  The  writer  and  his  chemical 
assistant,  Mr.  F.  C.  Wallace,  made  a  careful  study,  about  ten 
years  since,  of  this  and  many  other  devices  intended  to  determine 
the  hardness  of  bitumens.  Needle  penetrators  of  great  delicacy 
and  accuracy  were  used.  The  releasing  and  stopping  of  the  needle 
was  effected  by  an  electro-magnetic  clamp,  the  current  actuating 
the  magnet  being  closed  and  opened  automatically  by  the  second 
hand  of  a  clock.  Special  provision  was  made  for  eliminating  fric- 
tion, and  the  penetration  was  measured  by  a  micrometer  reading 
to  one  one-thousandth  of  an  inch.  The  conclusion  reached  was 
that  needles  of  spindle  or  conical  form  do  not  give  results  accurately 
comparable  between  two  paving  cements  differing  in  hardness. 
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Mr.  Whinery.  The  writer  believes  that  in  these  and  all  similar  penetration 

devices  the  pointed  spindle  needle  should  be  replaced  by  a  needle 
with  a  spherical  or  hemispherical  head,  the  shank  above  the  head 
being  reduced  in  diameter  so  that  there  will  be  no  frictional  contact 
except  upon  the  head  itself.  Needles  of  this  form  were  found  in  the 
studies  referred  to  above  to  give  much  more  satisfactory  results 
than  the  pointed  spindle  needle.  The  theoretical  reasons  for  this 
are  obvious  from  what  has  preceded. 

While  a  penetrometer  designed  for  rapid  approximate  deter- 
minations in  the  laboratory  or  works  need  not  give  results  of  great 
accuracy,  it  should,  if  possible,  be  designed  upon  correct  principles, 
so  that  its  errors  may  be  due  alone  to  lack  of  sensitiveness  or  to 
necessarily  hasty  observations,  and  not  to  inherent  defects  in  the 
principle  of  its  operation.  Penetrometers  of  the  class  described 
in  the  paper  do  not,  we  have  seen,  fulfil  this  requirement,  and  it  is 
ver)'  desirable  that  something  which  shall  comply  more  closely 
with  correct  scientific  principle  should  be  devised. 

The  writer  has  recently  given  a  good  deal  of  attention  to  this 
matter  and  has  designed  and  constructed  a  penetrometer  which 
seems  to  more  nearly  fulfil  the  required  conditions,  but  the 
apparatus  has  not  yet  been  fully  enough  tested  to  speak  confidently 
of  results. 

In  this  apparatus  a  needle  with  a  hemispherical  head  and 
reduced  shank  is  used.  But  its  principal  difference  from  the 
class  of  penetrometers  described  by  the  authors  consists  in  the 
substitution  of  the  impact  of  a  falling  weight  for  the  continued 
action  of  a  weight  acting  through  a  period  of  time.  In  use  the 
needle  is  pressed  into  the  sample  to  be  tested  until  the  upper  plane 
of  its  hemisT)herical  heid  coincides  with  the  surface  of  the  sample; 
the  weight  is  then  raised  to  the  fixed  height  and  allowed  to  fall 
freely  upon  the  top  of  the  shaft  carrying  the  needle.  The  blow 
drives  the  needle  into  the  sample  to  a  depth  proportional  to  the 
hardness  of  the  material,  and  this  depth  of  penetration  is  read  off 
directly  from  a  linear  vernier  scale  reading  to  millimeters. 

The  advantages  which  this  apparatus  is  expected  to  develop 
over  the  present  style  of  penetrometers  may  be  briefly  stated : 

I.  The  form  of  the  needle  should  insure  that  the  volume  of 
bitumen  displaced  and  the  work  done  in  displacing  it,  shall  be  in 
direct  ratio  to  the  depth  of  penetration,  and  that  the  adhesional 
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friction  between  the  bitumen  and  the  needle  shall  be  constant  in  Mr.  Whinery. 
magnitude  throughout  the  operation.     Also  the  absence  of  the 
delicate  and  sometimes  almost  invisible  point  of  the  needle  now 
used  will  make  it  possible  to  more  accurately  adjust  the  needle 
to  the  surface  of  the  bitumen  to  be  tested. 

2.  The  work  done  by  a  weight  falling  from  a  fixed  distance  will 
be  a  constant  quantity  and  the  depth  to  which  it  forces  the  needle 
into  the  bitumen  should  vary  directly  with  the  consistency  or 
degree  of  hardness  of  the  material  to  be  tested.  The  relative  value 
and  effect  of  any  friction  in  the  working  parts  of  the  apparatus  will 
be  greatly  lessened. 

3.  By  the  use  of  the  impact  of  the  falhng  weight  the  penetra- 
tion will  be  accomplished  almost  instantaneously.  The  time 
element  and  the  manual  releasing  and  clamping  of  the  needle,  with 
all  their  attendant  possibilities  of  erroneous  observation,  will 
therefore  be  entirely  eliminated.  The  personal  equation  of  the 
operator  in  manipulating  the  apparatus  will  also  be  eliminated. 

4.  The  penetration  will  be  read  directly  from  a  linear  ver- 
nier scale,  and  not  through  the  intervention  of  a  thread  wound 
over  an  index  shaft,  and  the  record  should  be  more  accurate 
accordingly. 

The  Avriter  may  be  able  at  some  later  date  to  present  to  the 
Society  a  more  complete  description  of  this  apparatus  and  the 
results  of  practical  tests  made  with  it. 

Mr.  C.  Richardson  and  Mr.  C.  N.  Forrest. — If  the  Mr.  Richardson 
penetrometer  which  has  been  described  is  to  be  regarded  as  an  Mr.  Forrest, 
instrument  of  precision  for  the  determination  of  the  internal 
friction  of  bituminous  cements  in  precise  terms  it  is,  of  course, 
open  to  the  criticism  which  Mr.  Whinery  had  directed  against  it. 
This,  however,  is  not  the  object  of  the  instrument.  It  is  intended 
only  as  a  convenient  means  of  determining,  in  laboratories  where 
control  is  exercised  over  bituminous  cements  and  at  plants  where 
they  are  in  use,  with  some  degree  of  uniformity  and  accuracy, 
whether  they  are  of  the  proper  consistency  or  that  which  has  been 
specified  and  recording  the  consistency  in  figures.  The  true 
viscosity  is  not  the  matter  at  issue  but  whether  the  person  who 
prepares  such  cements  is  doing  so  in  a  regular  manner.  The  ease 
and  rapidity  with  which  a  large  number  of  such  determinations 
can  be  carried  out  and  the  possibiHty  of  its  satisfactory  use  by 
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Mr.  Richardson 

and 
Mr.  Forrest. 


The  Chairman. 


Mr.  Forrest. 


Mr.  Chiirch. 


jlr.  Forrest. 


])lant  foremen  is  the  object  in  view.  In  our  laboratory,  where  a 
verv'  large  number  of  cements  may  be  received  and  examined  in  a 
dav,  the  mere  question  as  to  whether  the  weight  should  act  upon 
the  needle  for  one  or  five  seconds  is  worthy  of  consideration  as  a 
matter  of  time  alone  although  this  period  of  time  is  now  the 
standard  in  connection  with  the  use  of  the  penetrometer.  While 
an  instrument  of  the  type  proposed  by  Mr.  Whinery  would  be  of 
interest  as  a  standard  it  could  not  find  practical  appHcation,  in 
our  opinion,  in  the  plant  or  in  the  busy  laboratory  engaged  in 
controlling  the  work  of  a  large  corporation  constructing  five  or 
more  millions  of  square  yards  of  pavement  a  year. 

The  penetrometer  which  we  have  described  is  designed  for 
such  a  purpose  but  we  shall  welcome  the  form  proposed  by  Mr. 
Whiner}-  if  it  will  permit  of  rapid  work  and  its  use  by  unskilled 
persons. 

The  Chairmax  (Mr.  Mansfield  Merriman). — Does  consid- 
erable penetration  indicate  good  or  poor  quality  ? 

Mr.  C.  X  Forrest. — Neither;  certain  conditions  of  con- 
struction require  soft  cement  and  others  a  hard  cement,  depending 
on  the  requirements  of  the  work  to  be  done.  That  is  a  matter  of 
specification  or  advance  knowledge.  The  instrument  is  merely 
used  to  keep  the  consistency  or  penetration  uniform.  It  is  not 
an  instrument  of  precision — but  designed  for  practical  work. 

Mr.  S.  R.  Church. — I  should  like  to  ask  the  author,  in  the 
case  of  low  temperatures  or  high  temperatures,  such  as  32°  or  100° 
F.,  how  that  temperature  is  maintained  for  a  sufficient  length  of 
time  to  permit  of  securing  check  readings ;  m}-  understanding  being 
that  in  most  cases  several  readings  are  required  and  then  the 
average  of  these  taken  in  making  up  the  report ;  since  it  is  a  matter 
of  several  minutes,  at  least,  the  temperature  would  naturally 
drop  or  rise  unless  there  was  some  provision  made  for  maintain- 
ing it. 

Mr.  Forrest. — That  is  provided  for  by  placing  a  small  tank 
on  the  adjustable  table  in  which  ice  water  for  low  temperatures,  or 
hot  water  for  higher  temperatures  may  be  circulated,  or  the  entire 
machine  may  be  placed  in  a  refrigerator  for  use  at  low  tempera- 
tures; we  also  have  provision  for  raising  the  temperature  of  a  small 
room  to  100°  F.  or  more.  It  is  hard  on  the  operator  but  facilitates 
the  operation. 
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Mr.   S.  S.  Voorhees. — Is  there  no   means  of  maintaining  Mr.  Voorhees. 
high  temperatures  for  outside  heat? 

Mr.   Forrest. — The  room   temperature  can  be  regulated.  Mr.  Forrest. 
We  have  a  small  room  that  is  ordinarily  kept  at  77°  F.  and  we  can 
raise  it  to  100°  F.  or  slightly  more. 

Mr.  Voorhees. — I  should  like  to  ask  further  how    much  Mr.  Voorhees. 
the  variation  in  penetration  is  from  \arying  temperatures,  say  a 
degree.     Is  it  appreciable  in  the  penetration? 

Mr.  Forrest. — With  the  Bowen  penetration  machine  it  is  Mr.  Forrest, 
about  three-quarters  of  a  degree.     With  this  it  Avould  be  a  little 
ditferent.     I  don't  know  just  what  it  would  be. 

Mr.  Edgar  Marburg. — I  should  like  to  inquire  how  closely  Mr.  Marburg, 
consecutive  observations  agree  ?     Are  a  number  of  penetrations 
made  and  averaged,  and  how  closely  do  they  agree  ? 

Mr.  Forrest. — They  should  agree  ver\^  closely.  \A'ith  a  Mr.  Forrest, 
penetrometer  operating,  five  seconds,  provided  you  keep  the  tem- 
perature constant,  in  three  or  four  trials  you  should  not  get  a 
greater  variation  than  one  or  two  degrees.  Each  degree  is  equal 
to  To  mm.  movement  of  the  needle.  An  average  of  three  or  four 
trials  is  made. 

Mr.  F.  O.  Bunnell. — I  should  like  to  ask   the  author  if  he  Mr.  Bunnell. 
has  made  any  test  for  degrees  of  penetration  on  the  bitumen  cement 
or  binder  for  briquettes  manufactured  from  pulverized  coal. 

Mr.  Forrest. — No,  we  have  not  done  so  specifically,  but  the  Mr.  Forrest, 
instrument  would  be  useful  for  that  purpose. 

Mr.  Church. — I  should  like  to  ask  whether  any  materials  Mr.  Church, 
have  come  under  the  author's  observation  where,  in  order  to  get 
correct  results,  it  was  necessary  to  set  the  needle  say  iV  of  an  inch 
or  any  distance  below  the  surface,  due  to  a  sort  of  film  on  the  sur- 
face of  the  bitumen  which  is  harder  than  the  portion  directly 
beneath  it. 

Mr.  Forrest. — No.     In  such  a  condition  we  resurface  the  Mr.  Forrest, 
sample ;  that  is,  the  sample  is  remelted  and  stirred  to  produce,  a 
fresh  surface. 


CHARTER 

OF    THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 


To  the  Honorable  the  Judges  oj  the  Court  of  Common  Pleas  No.  2 
in  and  jor  the  City  and  County  oj  Philadelphia:  oj  March 
Term,  1902,  No.  2056: 

In  compliance  with  the  requirements  of  an  Act  of  the  General 
Assembly  of  the  Commonwealth  of  Pennsylvania,  entitled  "An 
Act  to  Provide  for  the  Incorporation  and  Regulation  of  Certain 
Corporations,"  approved  the  29th  day  of  April,  a.d.  one  thousand 
eight  hundred  and  seventy-four,  and  the  supplements  thereto,  the 
undersigned,  Henry  M.  Howe,  Charles  B.  Dudley,  Edgar  Mar- 
burg, Robert  W.  Lesley,  Mansfield  Merriman,  Albert  Ladd  Colby 
and  William  R,  Webster,  six  of  whom  are  citizens  of  Pennsylvania, 
having  associated  themselves  together  for  the  purposes  hereinafter 
set  forth,  and  desiring  that  they  may  be  incorporated  according  to 
law,  do  hereby  certify: 

1.  The  name  of  the  proposed  corporation  is  the  "American 
Society  for  Testing  Materials." 

2.  The  corporation  is  formed  for  the  Promotion  of  Knowledge 
of  the  Materials  of  Engineering,  and  the  Standardization  of  Speci- 
fications and  the  Methods  of  Testing. 

3.  The  business  of  the  said  corporation  is  to  be  transacted  in 
Philadelphia. 

4.  The  said  corporation  is  to  exist  perpetually. 

5.  The  names  and  residences  of  the  incorporators  are  as 
follows : 

Henry  M.  Howe,  27  West  Seventy- third  Street,  New  York. 
Charles  B.  Dudley,  Altoona,  Pa. 

Edgar  Marburg,  517  South  Forty-first  Street,  Philadelphia. 
Robert  W.  Lesley,  22  South  Fifteenth  Street,  Philadelphia. 
Mansfield  Merriman,  South  Bethlehem,  Pa. 
Albert  Ladd  Colby,  South  Bethlehem,  Pa. 
William  R.Webster,  "The  Bartram,"  Thirty-third  and 
Chestnut  Streets,  Philadelphia. 
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6.  The  management  of  the  said  corporation  shall  be  vested 
in  an  Executive  Committee,  consisting  of  six  (6)  members,  viz. : 
the  Chairman,  the  Vice- Chairman,  the  Secretary',  the  Treasurer 
and  two  other  members  of  the  corporation,  and  such  other  officers 
as  the  corporation  may  from  time  to  time  appoint. 

7.  The  corporation  has  no  capital  stock,  and  the  members 
thereof  shall  be  composed  of  the  subscribers  and  their  associates 
and  of  such  persons  as  may  from  time  to  time  be  admitted  by 
vote  in  such  manner  and  upon  such  requirements  as  may  be 
prescribed  by  the  By-Laws.  The  corporation  shall  nevertheless 
have  power  to  exclude,  expel  or  suspend  members  for  just  or  legal 
cause,  and  in  such  legal  manner  as  may  be  ordained  and  directed 
by  the  By-Laws. 

'  8.  The  By-Laws  of  this  corporation  shall  be  admitted  and 
taken  to  be  its  laws  subordinate  to  the  statute  aforesaid;  this 
Charter;  Constitution  and  Laws  of  the  Commonwealth  of  Penn- 
sylvania, and  the  Constitution  of  the  United  States;  they  shall 
be  altered  and  amended  as  provided  for  by  the  By-Laws  them- 
selves; and  shall  prescribe  the  powers  and  functions  of  the  Execu- 
tive Committee  herein  mentioned  and  those  to  be  hereafter  elected, 
the  times  and  places  of  meetings  of  the  Committee  and  this  corpora- 
tion; the  number  of  members  who  shall  constitute  a  quorum  at 
the  meetings  of  the  corporation,  and  of  the  Committee;  the  qualifi- 
cations and  manner  of  electing  members;  the  manner  of  electing 
officers;  and  the  powers  and  duties  of  such  officers;  and  all  other 
concerns  and  internal  arrangements  of  the  said  corporation. 

Witness  our  hands  and  seals  this  twenty-first  day  of  March, 

A.D.  1902. 

Edgar  Marburg, 


(Signed) 


R.  W.  Lesley, 
Wm.  R.  Webster, 
Mansfield  Merriman, 
.Albert  Ladd  Colby. 


BY-LAWS. 
Article  I. 

MEMBERS. 

Section  i.  Any  person,  corporation  or  technical  society  can 
become  a  member  of  this  Society  upon  being  proposed  by  two  mem- 
bers and  being  approved  by  the  Executive  Committee. 

Sec.  2.  Any  member  who  subscribes  annually  the  sum  of 
fifty  dollars  ($50)  towards  the  general  funds  of  the  Society  shall  be 
designated  a  contributing  member,  his  rights  and  privileges  as  a 
member  remaining  unchanged.  Contributing  members  shall  be 
exempt  from  the  regular  membership  dues. 

Sec.  3.  Applications  for  membership  and  resignation  from 
membership  must  be  transmitted  in  writing  to  the  Secretary. 

Article  II. 

OFFICERS  AND   THEIR  ELECTION. 

Section  i.  The  officers  shall  be  a  President,  Vice-President, 
Secretary  and  Treasurer. 

Sec.  2.  The  offices  of  Secretarj'  and  Treasurer  shall  be  held 
by  the  same  person. 

Sec.  3.  These  officers  shall  be  elected  by  letter-ballot,  at  the 
Annual  Meeting,  and  shall  hold  office  for  two  years. 

Sec.  4.  The  Executive  Committee  shall  consist  of  these  officers 
and  also  the  last  past-President  and  three  members,  two  being 
elected  by  letter-baUot  at  each  Annual  Meeting  in  the  odd  years 
and  one  at  each  Annual  Meeting  in  the  even  years. 

Sec.  5.  The  President  shall  be,  ex  officio,  the  nominee  for 
American  Member  of  the  Council  of  the  International  Association. 

Sec.  6.  The  Secretary  shall  receive  a  salary  to  be  fixed  by  the 
Executive  Committee. 

Sec.  7.  The  officers  and  members  of  the  Executive  Committee 
of  this  Society  to  hold  office  until  the  next  election  under  these 
By-Laws,  shall  be  as  follows:  To  hold  office  for  two  years — 
President,  Charles  B.  Dudley,  Vice-President,  R.  W.  Lesley; 
Secretar}^- Treasurer,  Edgar  Marburg;  members  of  the  Executive 
Committee,  Henry  M.  Howe  and  James  Christie.     To  hold  office 
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for  one  year — members  of  the  Executive  Committee,  Albert  Ladd 
Colby  and  John  McLeod. 

Sec.  8.  The  above  officers  and  members  of  the  Executive 
Committee,  as  well  as  all  succeeding  officers  and  members  of 
the  Executive  Committee  elected  under  these  By-Laws,  shall 
serve  for  the  respective  terms  to  which  they  shall  have  been 
elected,  or  until  their  successors  shall  have  been  duly  elected. 

Sec.  9.  The  Executive  Committee  shall  ha\e  the  power  to 
fill  any  vacancies  occurring  in  their  number  by  death,  resignation 
or  otherNvise. 

Sec.  10.  The  election  of  officers  and  members  of  the  Executive 
Committee  shall  be  by  letter-ballot.  The  Executive  Committee, 
before  each  Annual  Meeting,  shall  appoint  a  Nominating  Com- 
mittee, whose  duty  it  shall  be  to  nominate  a  full  list  of  officers. 
The  list  of  nominations  so  made  shall  be  submitted  to  the  member- 
ship not  more  than  eight  (8)  nor  less  than  four  (4)  weeks  before 
the  coming  Annual  Meeting. 

Further  nominations,  signed  by  at  least  ten  (10)  members, 
may  be  submitted  to  the  Secretar}'  in  \mting  at  least  four  (4) 
weeks  before  the  Annual  ^Meeting,  and  such  nominations  shall 
also  be  submitted  to  the  membership  on  the  official  ballot. 

Article  III. 
meetings. 

Section  i.  The  Society  shall  meet  annually.  The  time  and 
place  of  each  meeting  shall  be  fixed  by  the  Executive  Committee. 

Sec.  2.  Special  meetings  may  be  called  whenever  the  Execu- 
tive Committee  shall  deem  it  necessary,  or  upon  the  request  in 
writing  to  the  President  of  twenty-five  (25)  members. 

Article  IV, 

DUES. 

Section  i.  The  fiscal  year  shall  commence  on  the  first  of 
January,  and  all  dues  shall  be  payable  in  advance. 

Sec.  2.  The  annual  dues  of  each  member  shall  be  $5.00. 
Members  holding  membership  also  in  the  International  Associa- 
tion for  Testing  ]\Iaterials  shall  pay  annually  the  additional  sum 
of  $1.50,  which  shall  be  transmitted  by  the  Secretary  to  the  Inter- 
national Association. 
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Sec.  3.  Any  member  of  the  Society  whose  dues  shall  remain 
unpaid  for  the  period  of  one  year  shall  forfeit  the  privileges  of 
membership.  If  he  neglects  to  pay  his  dues  within  thirty  days 
thereafter,  and  after  notification  from  the  Secretary,  his  name 
may  be  stricken  from  the  roll  of  membership  by  the  Executive 
Committee. 

Article  V. 

Amendments. 

Section  i.  Proposed  amendments  to  these  By-Laws,  signed 
by  at  least  three  members,  must  be  presented  in  writing  to  the 
Executive  Committee  at  least  four  weeks  before  the  next  Annual 
Meeting.  In  the  notices  for  this  meeting  the  proposed  amend- 
ments shall  be  printed.  At  the  Annual  Meeting  the  proposed 
amendment  may  be  discussed  and  amended  and  may  be  passed 
to  letter-ballot  by  a  two-thirds  vote  of  those  present. 

If  two-thirds  of  the  votes  obtained  by  letter-ballot  are  in 
favor  of  the  proposed  amendment,  it  shall  be  adopted. 

Sec.  2.  The  Executive  Committee  is  authorized  to  number 
the  Articles  and  Sections  of  the  By-Laws  to  correspond  with  any 
changes  that  may  be  made. 


RULES  GOVERNING  THE  EXECUTIVE  COAIMITTEE. 


1.  Regular  meetings  shall  be  held  on  the  first  Saturday  in 
January,  April,  July  and  October.  Four  members  shall  constitute 
a  quorum. 

At  each  meeting  the  Secretary  shall  report  the  names  of  all 
new  members  and  of  members  who  have  resigned  during  the 
previous  quarter,  and  shall  present  a  financial  statement. 

At  the  January  meeting  the  Secretary  shall  report  the  names 
of  all  members  whose  dues  are  unpaid. 

The  accounts  of  the  Secretary  shall  be  duly  audited  at  the 
middle  and  close  of  each  fiscal  year,  and  the  report  of  the  auditors 
shall  be  presented  in  writing  at  the  July  and  January  meetings. 

2.  Special  meetings  may  be  held  at  any  time  at  the  call  of 
the  President,  or  upon  the  written  request  of  four  members  of 
the  Executive  Committee.  The  notice  for  such  meetings  shall 
be  mailed  by  the  Secretary  at  least  one  week  in  advance  of  the 
meeting,  and  the  business  shall  be  stated  in  the  notice. 

3.  The  Secretary  shall  transmit  to  the  International  Associa- 
tion within  five  days  after  the  first  day  of  January,  April,  July 
and  October  $1.50  for  each  member  whose  dues  were  paid  in  the 
previous  quarter  together  with  the  names  of  those  members. 

No  other  expenses  shall  be  paid  except  on  vouchers  certified 
to  be  correct  by  the  Chairman  of  the  Committee  on  Finance,  or 
a  member  thereof  designated  by  the  Chairman. 
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International  Association  for  Testing  Materials. 

Historical. — The  International  Association  for  Testing  Ma- 
terials had  its  origin  in  a  conference  of  a  small  group  of  workers 
in  experimental  engineering  held  in  Munich  in  1882,  at  the  instance 
chiefly  of  the  late  John  Bauschinger.  Meetings  on  a  larger  scale 
were  subsequently  held  in  Dresden  (1884),  Berlin  (1886),  Munich 
(1888),  Vienna  (1893),  ^.nd  Zurich  (1895).  ^^  the  Zurich  Congress 
the  International  Association  for  Testing  Materials  was  formally 
organized,  the  Second  Congress  was  held  at  Stockholm  in  1897, 
the  Third  Congress  met  at  Buda-Pesth  in  1901,  the  Fourth 
Congress  met  at  Brussels  in  1906,  and  the  Fifth  Congress  will 
assemble  at  Copenhagen  in  1909. 

Membership. — According  to  the  latest  official  report  (Januar}^, 
1906)  the  membership  is  distributed  as  follows: 

Germany,  344;  Russia,  362;  United  States,  253;  Austria, 
178;  France,  165;  Switzerland,  75;  Hungary,  76;  Belgium,  45; 
England,  47;  Italy,  47;  Sweden,  50;  Denmark,  50;  Holland,  39; 
Norway,  37;  Roumania,  18;  Spain,  13;  Portugal,  11;  Servia,  3; 
Australia,  4;  Luxemburg,  4;  Brazil,  2;  Argentine  Republic,  i; 
Chih,  i;  Japan,  i.     Total,  1,826,  representing  24  countries. 

Objects. — The  objects  of  the  Association,  as  set  forth  in  its 
By-Laws,*  are:  "The  development  and  unification  of  standard 
methods  of  testing;  the  investigation  of  the  technically  important 
properties  of  the  materials  of  construction  and  other  materials  of 
technical  importance,  and  also  the  perfecting  of  apparatus  used 
for  that  purpose." 

The  important  subject  of  specifications  has,  however,  also 
been  included  within  the  scope  of  the  Association's  activity.  Thus, 
International  Committee  No.  i  has  been  charged  to  report  on  the 
following  problem;  "On  the  basis  of  existing  specifications,  to 
seek  methods  and  means  for  the  introduction  of  international 
specifications  for  testing  and  inspecting  iron  and  steel  of  all  kinds." 

Again,  in  pursuance  of  American  initiative  at  the  Buda-Pesth 
Congress  (1901),  Committee  No.  i  has  been  enlarged  by  the 
addition  of  three  American  members,  with  a  view  of  reporting  on 


*  These  By-Laws  are  given  in  full  on  pp.  713-715. 
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"  Standard  International  Specifications  for  Cast  Iron  and  Finished 
Castings,"  and  Committee  No.  22  has  been  instructed  to  report 
"  On  the  Feasibihty  of  the  EstabHshment  of  Standard  International 
Specifications  for  Cements." 

Administration. — The  affairs  of  the  Association  are  admin- 
istered by  a  Council,  consisting  of  the  President  and  one  repre- 
sentative (member  of  Council)  from  each  countr}'  having  a  mem- 
bership of  twenty  (20)  or  more. 

Methods. — The  original  plan  was  to  conduct  investigations 
almost  exclusively  through  the  agencies  of  international  committees. 
These  committees  proved  unwieldy,  however,  by  reason  of  their 
large  membership,  with  the  added  difficulties  arising  from  geo- 
graphical separation  and  differences  of  language.  In  pursuance 
of  resolutions  at  the  Buda-Pesth  Congress  (1901)  the  Council  has 
discharged  some  of  these  committees,  reassigning  the  problems  in 
part  to  individual  referees.*  In  the  case  of  questions  of  direct 
international  concern  the  original  international  committees  are 
continued. 

At  the  international  congresses  the  reports  of  these  committees 
as  well  as  individual  contributions  by  members  are  presented  and 
discussed,  f 

Publications. — On  May  5,  1896,  the  International  Council 
effected  an  arrangement  with  the  pubhshers  of  Baumaterialen- 
kunde%  (Materials  of  Construction)  by  which  that  journal  became 
the  official  organ  of  the  Association.  Since  July,  1896,  this  journal 
has  pubhshed  the  Proceedings  of  Congresses  and  other  official 
matter  in  German  and  French.  The  fact  that  the  Association 
did  not  furnish  printed  Proceedings  to  members  free  of  charge. 


*  For  complete  list  of  problems,  committees  and  referees,  see  pp. 
716-722. 

t  The  papers  presented  at  the  Brussels  Congress,  1906,  are  on  sale 
at  the  following  prices: 

Official  Papers,  per  set    $1.50 

Non-official  Papers,  per  set 2.50 

Separate  copies  of  above  papers,  10-20  cents. 
Report  of  Proceedings  at  Congress,  40  cents. 
A  list  of  official  and   non-official  papers  maybe  had  by  addressing: 
Edgar  Marburg,  Universit}"  of  Pennsylvania,  Philadelphia,  Pa. 

X  B aumaterialenkunde :  Published  bi-weekly  at  Stuttgart,  Germany, 
in  German  and  French.  Regular  subscription  price  S3. 50  per  annum; 
special  terms  to  members  of  the  International  Association  for  Testing 
Materials,  S2.50  per  annum.  Address:  Staehle  &  Friedel,  No.  57  Tuebin- 
ger  Street,  Stuttgart,  Germany. 
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and  that  no  provision  had  been  made  for  translation  into  English, 
gave  rise  to  no  little  dissatisfaction.  At  the  Buda-Pesth  Congress 
(1901)  the  International  Council  was  accordingly  authorized  to 
perfect  a  new  arrangement  by  which  all  official  matter  is  now 
published  in  three  separate  editions  (German,  English  and  French) 
and  sent  free  of  charge  to  every  member  of  the  Association  in  what- 
ever language  is  preferred. 

Organization   of  the  American   Members   of  the   Inter- 
national Association. 

Historical. — With  a  view  of  bringing  the  members  of  like 
nationality  into  closer  relations  among  themselves,  and  in  order 
to  simplify  the  management  and  render  the  work  of  the  Interna- 
tional Association  more  effective,  it  was  decided  at  the  Stockholm 
Congress  (1897)  to  encourage  the  consolidation  of  the  membership 
in  the  various  countries  into  separate  national  organizations.  In 
pursuance  of  this  action  the  American  members  met  in  Philadel- 
phia on  June  16,  1898,  and  organized  under  the  name  of  the 
"American  Section  of  the  International  Association  for  Testing 
Materials." 

In  March,  1902,  the  Executive  Committee  of  the  American 
Section  applied  for  a  Charter  under  the  laws  of  the  State  of  Penn- 
sylvania for  purposes  of  incorporation  under  the  proposed  new 
name  of  the  "American  Society  for  Testing  !slaterials."  This 
Charter  was  duly  granted,  and  at  the  Fifth  Annual  Meeting,  held 
at  Atlantic  City,  N.  J.,  it  was  unanimously  adopted  on  June  12, 
1902. 

At  the  Eighth  Annual  Meeting  (1905)  the  By-Laws  were 
amended  with  a  view  of  leaving  membership  in  the  International 
Association  to  the  individual  option  of  the  members  of  the  Ameri- 
can Society.  This  amendment  was  adopted  by  letter- ballot  of 
the  Society. 

Objects. — The  objects  of  the  Society  are  essentially  identical 
with  those  of  the  International  Association,  with  which  it  stands 
in  direct  organic  relation,  both  through  its  membership  in  the 
same  as  a  body,  and  through  the  individual  membership  on  the 
part  of  many  of  its  members. 

As  stated  in  the  Charter:  "The  corporation  is  formed  for 
the  promotion  of  knowledge  of  the  materials  of  engineering, 
and  the  standardization  of  specitications  and  the  methods  of 
testing." 

The  standardization  of  specifications  is  considered  one  of  the 
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most  important  functions  of  the  Society.  The  method  of  procedure 
is  to  submit  proposed  standard  specifications  prepared  by  the 
various  committees  for  general  discussion  at  the  annual  meetings 
of  the  Society.  The  specifications  in  their  original  or  amended 
form  are  then  referred,  by  majority  vote,  to  letter- ballot  of  the 
Society  for  adoption  as  Standard  Specifications.  A  fist  of  the 
Standard  Specifications  thus  far  adopted  by  the  Society  is  given 
on  page  730. 

Representation  on  the  International  Council. — The  American 
members  are  entitled  to  one  representative  on  the  International 
Council.  By  the  new  Statutes  of  the  Association  (1901):  "the 
members  of  Council  shall  be  proposed  by  the  members  of  each 
country;  their  final  appointment  being  confirmed  by  the  Con- 
gress." According  to  the  By-Laws  of  the  American  Society  the 
President  becomes,  ''ex  ofjicio,  the  nominee  for  American  Member 
of  the  Council  of  the  International  Association." 

Meetings. — The  Society  meets  annually  at  a  time  and  place 
fixed  by  the  Executive  Committee.  Special  meetings  may  also 
be  called  in  accordance  with  the  provisions  of  the  By-Laws. 

Annual  meetings  have  been  held  in  past  years  as  follows: 

First  Annual  Meeting,  Philadelphia,  Pa.,  House  of  Engineers' 
Club  of  Philadelphia,  August  27,  1898. 

Second  Annual  iNIeeting,  Pittsburg,  Pa.,  Rooms  of  Engineers' 
Society  of  Western  Pennsylvania,  August  15,  16,  1899. 

Third  Annual  Meeting,  New  York,  N.  Y.,  House  of  American 
Society  of  Mechanical  Engineers,  October  25,  26,  27,  1900. 

Fourth  Annual  ^Meeting,  Niagara  Falls,  N.  Y.,  International 
Hotel,  June  29,  1901. 

Fifth  Annual  Meeting,  Atlantic  City,  N.  J.,  Hotel  Traymore, 
June  12,  13,  14,  1902. 

Sixth  Annual  Aleeting,  Delaware  Water  Gap,  Pa.,  Hotel 
Kittatinny,  July  i,  2,  3,  1903. 

Seventh  Annual  Meeting,  Atlantic  City,  N.  J.,  Hotel  Tray- 
more, June  16,  17,  18,  1904. 

Eighth  Annual  Meeting,  Atlantic  City,  N.  J.,  Hotel  Chal- 
fonte,  June  2  9- July  i,  1905. 

Ninth  Annual  Meeting,  Atlantic  City,  N.  J.,  Hotel  Chal- 
fonte,  June  21,  22,  23,  1906. 

Tenth  Annual  Meeting,  Atlantic  City,  N.  J.,  Hotel  Chalfontc, 
June  20,  21,  22^  1907. 

Membership. — The  number  of  American  members  at  the  time 
of  the  organization  meeting  in  1898  was  70.     The  membership 
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reported  at  the  successive  annual  meetings  was  as  follows:  (1899) 
128,  (1900)  160,  (1901)  168,  (1902)  175,  (1903)  349,  (1904)  485, 
(1905)  677,  (1906)  835,  (1907)  925,  and  it  is  now  (October,  1907) 

970- 

Methods.— The  operations  of  the  Society  are  conducted  in 

part  under  the  auspices  of  the  International  Association  and  in 

part  independently. 

The  number  of  American  representatives  on  international 
committees  is  fixed  by  the  International  Council.  These  American 
sub-committees  are  authorized,  however,  to  increase  their  number 
at  pleasure,  subject  always  to  the  approval  of  the  Executive  Co  n- 
mittee  of  the  American  Society.  The  sense  of  these  enlarged  sub- 
committees on  all  questions  is  deter  nined  by  majority  vote;  but 
on  the  international  committees  the  representation  and  the  number 
of  votes  allowed  re  nain  as  originally  fixed  by  the  International 
Council. 

The  American  Society  appoints  other  committees  at  its  dis- 
cretion entirely  independently  of  the  International  Association. 
On  committees  concerned  with  subjects  involving  commercial 
interests,  the  policy  is  to  accord  equal  numerical  representation  to 
engineers  or  scientists,  and  to  manufacturers. 

The  Committees  of  the  American  Society  are  now  as  follows: 

A.  On  Standard  Specifications  for  Iron  and  Steel. 

B.  On  Standard  Specifications  for  Cast  Iron  and  Finished 

Castings. 

C.  On  Standard  Specifications  for  Cement. 

D.  On  Standard  Specifications  for  Paving  and  Building  Brick. 

E.  On  Preservative  Coatings  for  Iron  and  Steel. 

F.  On  Heat  Treatment  of  Iron  and  Steel. 

G.  On  The  ^Magnetic  Properties  of  Iron  and  Steel. 
H.  On  Standard  Tests  for  Road  Materials. 

/.    On  Reinforced  Concrete. 

/.    On  Standard  Specifications  for  Coke. 

K.  On  Standard  Methods  of  Testing. 

L.  On  Standard  Specifications  and  Tests  for  Clay  and  Ce- 
ment Sewer  Pipes. 

M.  On  Standard  Specifications  for  Staybolt  Iron. 

N.  On  Standard  Tests  for  Lubricants. 

O.  On  Uniform  Speed  in  Commercial  Testing. 

P.   On  Fireproofing  Materials. 

Q.  On  Standard  Specifications  for  the  Grading  of  Structural 
Timber. 
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R.  On  Uniform  Specifications  for  Boilers. 

S.   On  Waterproofing  Materials. 

r.  On  the  Tempering  and   Testing  of  Steel   Springs  and 

Standard  Specifications  for  Spring  Steel. 
U.  On  the  Corrosion  of  Iron  and  Steel. 

Publications. — The  publications  of  the  Society  appeared  orig- 
inally at  irregular  intervals  in  the  form  of  bulletins.  Twenty- 
eight  (28)  bulletins,  containing  a  total  of  266  pages,  were  thus 
issued.  In  1902  it  was  decided  to  publish  the  Proceedings  there- 
after in  the  form  of  annual  volumes.  In  passing  to  this  ne  v  plan 
of  publication  the  twenty-eight  bulletins  previously  issued  were 
counted  collectively  as  Volume  I.  The  first  of  the  annual  volumes, 
designated  Volume  II  and  issued  in  1902,  contains  388  pages; 
Volume  III,  issued  in  1903,  contains  490  pages;  Volume  IV,  issued 
in  1904,  contains  655  pages;  Volume  V,  issued  in  1905,  contains 
565  pages;  Volume  VI,  issued  in  1906,  contains  712  pages;  Vol- 
ume VII  contains  759  pages.* 


*For  Table  of  Contents  of  Previous  Publications,  see  pp.  720-729. 
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in  Charge  of  Physical  Laboratory,  New  Haven,  Conn. 
1900.  *WiNG,  Charles  B.     Professor  of  Structural  Engineering, 
Stanford  University,  Cal. 

1907.  Withe Y,  Morton  Owen.     Instructor  in  Mechanics,  Uni- 

versity of  Wisconsin.  For  Mail:  430  Francis  Street, 
Madison,  Wis. 

1903.  Wittman,  N.  B.  Potts  and  Wittman,  North  American 
Building,  Philadelphia,  Pa. 

1906.  Wolf,  Otto  C.  Engineer  and  Architect,  1025  Arch  Street, 
Philadelphia,  Pa. 

1903.  *Wolfel,  Paul  L.  Chief  Engineer,  American  Bridge  Com- 
pany, 362  Green  Lane,  Roxborough,  Philadelphia,  Pa. 

1902.  *WooD  AND  Company,  R.  D.,  Founders.    Walter  Wood,  400 

Chestnut  Street.  Philadelphia,  Pa. 

1903.  Wood,  Edward  R.,  Jr.    Manufacturer,  400  Chestnut  Street, 

Philadelphia,  Pa. 

1903.  Wood,  F.  W.  President,  Maryland  Steel  Company,  Spar- 
rows Point,  Md. 

1900.  *WooD,  Walter.  Cast-Iron  Pipe  Manufacturer,  R.  D. 
Wood  and  Company,  400  Chestnut  Street,  Philadelphia, 
Pa. 

1906.  Woodcock,  W.  H.  Consulting  Engineer,  506  White  Build- 
ing, Buffalo,  N.  Y. 

1903.  Woodman,  Durand.     Analytical  and  Technical  Chemist, 

80  Beaver  Street,  New  York,  N.  Y. 

1906.  Woods,  R.  W.  Chief  Chemist,  Northern  Pacific  Railway 
Company,  General  Office  Building,  St.  Paul,  Alinn. 

1906.  Wood  well,  Julian  E.  Inspector  of  Electric  Light  Plants, 
Treasur}^  Department,  Washington,  D.  C. 

1900.  *WooLSON,  Ira  H.  Adjunct  Professor  of  Mechanical  Engi- 
neering, Columbia  University,  New  York,  N.  Y. 

1904.  ^Worcester,  Joseph  R.     J.  R.  Worcester  and  Company, 

79  Milk  Street,  Boston,  Mass. 
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1905.  Worcester  Polytechnic  Institute.    William  W.  Bird, 

Director  of  the  Department  of  Mechanical  Engineering, 
Worcester,  Mass. 

1904.  Wormeley,  p.  L.,  Jr.     Engineer  of  Tests,  Division    of 

Tests,  United  States  Department  of  Agriculture,  Wash- 
ington, D.  C. 
1903.  Worthington,  Charles.     Consulting  Engineer,  204  West 
Ninety-fourth  Street,  New  York,  N.  Y. 

1906.  *WYiViAN  AND  Gordon  Company,  The.     George  F.  Fuller, 

General  Superintendent  and  Secretar}^,  Worcester,  Mass. 

1907.  Young,  J.  Bertram.     Chemist,  Philadelphia  and  Reading 

Railway  Company,  Reading,  Pa. 

1905.  Young,    John    P.     General    Manager,    Youngstown    Car 

Manufacturing  Company,  Youngstown,  O. 

1903.  Zehnder,    C.    H.     President,    Alleghany    Ore    and    Iron 
Company,  Pennsylvania  Building,  Philadelphia,  Pa. 


GEOGRAPHICAL  DISTRIBUTION  OF  MEMBERS. 


Alabama 

Arizona 

California 

Colorado 

Connecticut 

Delaware 

Dist.  of  Columbia. 

Georgia 

Idaho  

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky  

Louisiana , 

Maine 

Maryland 


19 
6 

6 

39 


63 
12 

4 

5 
4 


Massachusetts  ...      57 

Michigan 9 

Minnesota 5 

Missouri 30 

Montana 2 

Nebraska 4 

New  Hampshire.  .        i 

New  Jersey 43 

New  York 218 

North  Carolina ...        2 

Ohio 

Oregon   .    

Pennsylvania  . 
Rhode  Island. 
South  Carolina 
Sotith  Dakota  . 
Tennessee 


42 

8 

255 

5 


Texas  

Utah 

Virginia 

Washington  .  . 
West  Virginia 
Wisconsin  . .  .  . 

Brazil 

Canada  

Cuba 

England 

France    , 

Germany 

Panama 

Philippine  Is. 
Porto  Rico  .  .  . 

Russia 

South  Africa 


24 
2 

3 

14 

I 

23 
I 

7 
I 

3 


Total  membership 970 

Total  number  holding  membership  also  in  the  International  Association 
for  Testing  Materials 265 


DECEASED  MEMBERS. 


Name.  Membership.  I^ate  of  Death. 

J.  W.  Anderson 1896 May  18,   1905. 

Edward  Atkinson 1903 December  11,  1905 

W.  P.  Black 1896 December  12,  1902 

Henry  I.  Budd 1 903 January  14,   1 905 

Thomas  M.  Drown 1899 November  16,  1904 

Henry  U.  Frankel 1903 December  8,  1903- 

CiLARLES  Jarecki 1896 January  26,  1901. 

J.  B.  Johnson 1899 .'June  23,  1902. 

W.  C.  Johnson 1900 December  15,  1906. 

G.  M.  McCauley 1898 May  25,  1901. 

George  S.  Morison 1896 July  i,  1903. 

Henry  Morton 1896 May  9,  1902. 

Geo.  Tatnall,     1906 September  13,1906. 

Robert  H.  Thurston 1896 October  25,  1903. 

H.  H.  Wright 1904 June  22,  1905. 

W.  H.  Wyman 1905 November  11,  1905. 
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•    PAST  OFFICERS. 


Note. — The  Society,  from  its  organization  in  1898  till  its  incorpora- 
tion under  its  present  name  in  1902,  was  designated  the  American  Section 
of  the  International  Association  for  Testing  Materials. 

The  officers  and  members  of  the  Executive  Committee  during  this 
four- year  period  were  as  follows: 

chairmen: 

Mansfield  Merriman,   i  898-1 900. 

Henry  M.  Howe,   1900-1902 

vice-chairmen: 
Henry  M.  Howe    1898-1900. 

Charles  B.  Dudley    1900-1902. 

secretaries: 
Richard  L.  Humphrey,  1898-1900. 

J.  M.  Porter,   1900-1902 

treasurers: 
Paul  Kreuzpointner,  1898-1900. 

R.  W.  Lesley,   1900-1902 

members  of  executive  committee: 
Gus.  C.  Henning,   1898-1900. 

Albert  Ladd  Colby,   1900-1902. 
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STANDING  ADVISORY   COMMITTEES. 


On  Iron  and  Steel. 

William  R.  Webster,  Chairman. 
C.  Kirchhoff,  H.  V.  Wille. 


On  Cast  Iron. 

Richard  Moldenke,  Chairman. 
Henry  Souther,  Thos.  D.  West. 

On  Cement  and  Concrete. 
Clifford  Richardson,  Chairman. 

Richard  L.  Humphrey,  Spencer  B.  Newberry, 

On  Brick  and  Terra-cotta  Products. 
Edward  Orton,  Jr.,  Chairman. 

H.  O.  Hofman,  W.  D.  Richardson 

On  Preservative  Coatings. 

G.  W.  Thompson,  Chairman. 
Robert  Job,  S.  S.  Voorhees. 

On  Tests  and  Testing  Apparatus. 

Gaetano  Lanza,  Chairman. 
Mansfield  Merriman,  Tinius  Olsen. 
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TECHNICAL  COAIMITTEES 

OF    THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS 


Committee  A,  on  Standard  Specifications  for  Iron  and 

Steel. 

William  R.  Webster,  Chairman. 
Edgar  Marburg,  Secretary. 


American  Steel  and  Wire  Company, 

F.  H.  Daniels. 
Bethlehem  Steel  Company, 

E.  O'C.  Acker. 
Cambria  Steel  Company, 

George  E.  Thackray. 
Carnegie  Steel  Company, 

W.  A.  Bostwnck. 
Robert  A.  Carter. 
Central  Iron  and  Steel  Company, 

James  B    Bailey. 
James  Christie. 
Charles  S.  Churchill. 
F.  H.  Clark. 
Albert  Ladd  Colbv. 
J.  Allen  Colby. 
Colorado  Fuel  and  Iron  Company, 

J.  B.  McKennan. 
John  Sterling  Deans. 
P.  H.    Dudley. 
Franklin  Institute, 

Alex.  E.  Outerbridge,  Jr. 
J.  E.  Greiner. 

Robert  W.  Hunt  Company. 
Illinois  Steel  Company, 

P.  E.  Carhart. 
Jones  and  Laughlin  Steel  Company, 

Willis  L.  King. 
E.  F.  Kenney. 
Gaetano  Lanza. 


Lackawanna  Steel  Company, 

F.  E.  Abbott. 
Lukens  Iron  and  Steel  Company, 

Charles  L.  Huston. 
S.  S.  Martin. 
John  McLeod. 
Richard  Moldenke 
National  Tube  Company, 

Frank  N.  Speller. 
L.  R.  Pomeroy. 
The  Osborn  Engineering  Company, 

Frank  C.  Osborn. 
The  Pennsylvania  Steel  Company, 

J.  V.  W.  Reynders. 
Reading  Iron  Company. 
Joseph  T.  Richards. 
John  A.  Roebling's  Sons  Company, 

H.  J.  Home. 
0.  C.  Schneider. 
Shelby  Steel  Tube  Company, 

J.  H.  Nicholson. 
J.  P.  Snow. 
Standard  Steel  Works, 

A.  A.  Stevenson. 
J.  A.  L.  Waddell. 
Samuel  T.  Wagner. 
Max  H.  Wickhorst. 
H.  V.  Wille. 
R.  D.  Wood  and  Company, 

Walter  Wood. 


Committee  B,  on  Standard  Specifications  for  Cast  Iron 
AND  Finished  Castings. 


Walter  Wood,  Chairman. 
Richard  Moldenke,  Secretary. 


Hugh  W.  Adams. 
James  A.  Beckett. 
Joseph  W.  Bramwell. 


Colorado  Fuel  and  Iron  Company, 

J.  B.  McKennan. 
Albert  Ladd  Colby. 
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Committee  B. — Continued. 


Edgar  S.  Cook. 
H.  A.  Croxton. 
George  M.  Davidson. 
H.  E.  Diller. 
W.  C.  Du  Comb. 
Charles  B.  Dudley. 
B.  F.  Fackenthal,  Jr. 
L.  M.  Fenner. 
A.  I.  Findley. 
Stanley  G.  Flagg,  Jr. 
W.  K.  Hatt. 
J.  A.  Hays. 
W.  W.  Heame. 
J.  O.  Henshaw. 
P.  S.  Hildreth. 
Henry  M.  Howe. 
Illinois  Steel  Company, 

P.  E.  Carhart. 
International  Harvester  Company, 

John  G.  Wood. 
Robert  Job. 
Jones  and  Laughlin  Steel  Company, 

Willis  L.  King. 
J.  A.  Kinkead. 
Paul  Kreuzpointner. 
Gaetano  Lanza. 
William  W.  Lobdell. 


A.  M.  Loudon. 

Charles  F.  McKenna. 

R.  S.  MacPherran. 

Mansfield  Merriman. 

Tinius  Olsen 

Alex.  E.  Outerbridge,  Jr. 

Leonard  Peckitt. 

L.  S.  Randolph. 

David  Reid. 

Walter  M.  Saunders. 

Albert  Sauveur. 

W.  G.  Scott. 

Henry  Souther. 

H.  W.  Spangler. 

Technischer  Verein,  Pittsburg, 

Paul  Bausch. 
Enrique  Touceda. 
C.  H.  Vannier. 
W.  R.  Webster. 
Thomas  D.  West. 
H.  V.  Wille. 
N.  B.  Wittman. 

E.  R.  Wood,  Jr. 

F.  W.  Wood. 
I.  H.  Woolson. 
0.  H.  Zehnder. 


Committee  C,  on  Standard  Specifications  for  Cement. 

George  F.  Swain,  Chairman. 
George  S.  Webster,  Vice-Chairman. 
Richard  L.  Humphrey,  Secretary. 


Booth,  Garrett  &  Blair. 

Edward  T.  Cairns. 

Spencer  Cosby 

A.  W.  Dow. 

L.  Henry  Dumary. 

W.  S.  Eames. 

A.  F.  Gerstell. 

Edward  M.  Hagar. 

W.  H.  Harding. 

Olaf  HofT. 

W.  J.  Kelley. 

Robert  W.  Lesley. 

F.  H.  Lewis. 

John  B.  Lober. 


Andreas  Lundteigen 

Charles  F.  McKenna. 

W.  W.  Maclay. 

Charles  A.  Matcham. 

A.  W.  Munsell. 

Spencer  B.  Newberry. 

James  Madison  Porter. 

Joseph  T.  Richards. 

ClifiFord  Richardson, 

L.  C.  Sabin. 

Harry  J.  Seaman. 

Henry  S.  Spackman  Engineering 

Company. 
S.  S.  Voorhees. 


Technical  Committees.  709 

Committee  D,  on  Standard  Specifications  for  Paving  and 
Building  Brick. 

Logan  Waller  Page,  Chairman. 

Ira  O.  Baker.  Arthur  N.  Talbot. 

Edward  Orton,  Jr.  Ira  H.  Woolson. 

W.  D.  Richardson. 

Committee  E,  on  Preservative  Coatings  for  Iron  and 

Steel. 
S.  S.  VooRHEES,  Chairman. 
Joseph  F.  Walker,  Secretary. 

W.  A.  Aiken.  Robert  Job. 

James  Christie.  P.  C.  Mcllliney. 

The  Joseph  Dixon  Crucible  Com-  W.  A.  Polk, 

pany,  A.  H.  Sabin. 

Malcolm  MacNaughton.  Wirt  Tassin. 

Charles  B.  Dudley.  G.  W.  Thompson. 

A.  W.  Dow.  Wm.  R.  Webster. 

C.  N.  Forrest.  J.  W.  Whitehead,  Jr. 

Geo.  B.  Heckel.  _  Max  H.  Wickhorst. 

International  Acheson  Graphite  The  A.  Wilhelm  Company, 
Company,  Charles  J.  Davies. 

C.  L,  Collins. 

Committee  F,  on  Heat  Treatment  of  Iron  and  Steel. 
Henry  M.  Howe,  Chairman. 

William  Campbell.  Bradley  Stoughton. 

Albert  Sauveur. 

Committee  G,  on  the  Magnetic  Testing  of  Iron  and 

Steel. 
J.  Walter  Esterline,  Chairman. 

W.  J.  Beck.  Richard  Moldenke. 

John  A.  Capp.  J.  A.  Mathews. 

H.  E.  Diller.  C.  E.  Skinner. 

Committee  H,  on  Standard  Tests  for  Road  Materials. 
Logan  Waller  Page,  Chairman. 
Arthur  N.  Johnson,  Secretary. 

Ira  O.  Baker.  Jos.  W.  Hunter. 

W.  H.  Broadhurst.  O.  A.  Ken3^on. 

A.  Cushman.  Frederic  A.  Kummer. 

A.  W.  Dow.  A.  Marsten. 

W.  S.  Godwin.  J.  T-  Morrow. 

W.   K.    Hatt.  Clifford  Richardson. 

G.  P.  Hemstreet.  Calvin  Tomldns. 

J.  A.  Holmes.  E.  0.  Wallace. 
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Committee  I,  on  Reinforced  Concrete. 

F.  E.  Turneaure,  Chairman. 
R.  W.  Lesley,  V ice-Chairman. 
Richard  L.  Humphrey,  Secretary. 

W.  B.  Fuller.  L.  S.  Moisseflf. 

E.  Lee  Heidenreich.  H.  H.  Quimby. 

A.  L.  Johnson.  W.  P.  Taylor. 
Gaetano  Lanza.  S.  E.  Thompson. 
Edgar  Marburg.  S.  T.  Wagner. 
CM.  Mills.  G.  S.  Webster. 

Committee  J,  on  Standard  Specifications  for  Coke. 

C.  H.  Zehnder,  Chairman. 
Richard  Moldenke,  Secretary. 

Anaconda  Copper  Mining  Company,  J.    A.    Kinkead. 

E.  P.  Mathewson.  John    Lloyd. 

Warren    Blauvelt.  Thomas  Lynch. 

W.  H.  Blauvelt.  T.  D.  Lynch. 

Wm.  A.  Bole.  E.  C.  Means. 

Edgar  S.  Cook.  F.  Schniewind. 

John   Donahoe.  W.  G.   Scott. 

Chas.  B.  Dudley.  W.  B.  Snow. 

D.  T.  Evans.  Henry  Souther. 

B.  F.   Fackenthal,  Jr.  D.  B.  Wentz. 
Geo.  H    Finn.  H.   V.   Wille. 
H.  L.  Haldeman.  Walter  Wood. 
J.  A.  Holmes. 

Committee  K,  on  Standard  Methods  of  Testing. 
Gaetano  Lanza,  Chairman. 

Geo.  A.  Bostwick.  Richard  L.  Humphrey. 

Wm.  Campbell.  Mansfield  Merriman. 

James  Christie.  Richard  Moldenke. 

John  S.  l3eans.  E.  D.  Nelson. 

Chas.  B.  Dudley.  H.  P.  Talbot. 

W.  K.  Hatt.  Geo.  E.  Thackray. 

J.  E.  Howard.  H.  V.  Wille. 

Henry  M.  Howe.  Ira  H.  Woolson. 

A.  P.' Hume. 

Committee  L,  on  Standard  Specifications  and  Tests  for 
Clay  and  Cement  Sewer  Pipes. 

Rudolph  He  ring,  Chairman. 

A.  J.  Provost,  Jr.,  V ice-Chairman. 

W.  C.  Foster.  G.  Kaiiffman. 

F.  C.  Hitchcock.  J.  0.  Rossi. 
W.  A   Hull. 
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Committee  M,  ox  Standard  Specifications  for  Staybolt 

Iron. 

H.  \.  Welle,  Chmrman. 

F.  B.  .\llen.  F.  H.  Clark. 

American  Iron  and  Steel  Manufac-  J.  A.  Kinkead. 
turing  Company.  E.  D.  Xelson. 

Bro'tt'n  and  Company.  ^.  C.  Ramage. 

Commitee  N,  on  Standard  Tests  for  Lubricants. 

A.  H.  Gill,  Chairman. 

J.  M.  Jeffers,  Secretary. 

Bureau  of  Standards,  A.  P.  Hume. 

S.  W.  Stratton.  E.  D.  Nelson. 

W.  A.  Converse.  J.  H.  Pew. 

W.  M.  Davis.  Geo.  H.  Taber. 

A.  W.  Dow.  0.  E.  Ward. 
J.  L.  Gray, 

Committee  O,  on  Uniform  Speed  in  Commercial  Testing. 

Palt.  Kreuzpointnt:r,  Chairman. 
H.  V.  Wille,  Secretary. 

W.  A.  Bostwick.  •  J.  A.  Kinkead. 

F.  O.  Bunnell.  S.  :\I.  Marshall. 

H.  H.  Campbell.  Tinius  Olsen. 

A.  P.  Hume.  A.  A.  Stevenson. 

Committee  P,  ox  Fire-proofixg  Materials. 

Ira  H.  Woolson,  Chairman. 
R.  P.  ]MiLLER,  Secretary. 

W.  W.  Ewing.  0.  W.  Somerville. 

Tohn  R.  Freeman.  Edwin  Thacher. 

H.  W.  Hodge.  D.  E.  Waid. 

Committee  Q,  on  Standard  Specifications  for  the  Grading 
OF  Structural  Timber. 

Hermann  von  Schrenk,  Chairman. 
W.  K.  Hatt,  Secretary. 

C.  R.  Bangs  H,  W.  Lohmann. 

Chas.  H.  Davis.  R.  A.  Long. 

A.  O.  Elzner.  "  A.  J-  Maclean 

Geo.  H.  Emerson.  A.  \.  Mansfield. 

BE.  Femow.  A.  F.  Rosenheim. 

R.  S.  Kellogg. 
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Committee  R,  on  Uniform  Specifications  for  Boilers. 
E.  D.  Meier,  Chairman. 

F.  B.  Allen.  John  McLeod. 

R.  C.  Carpenter.  J.  E.  Sague. 

H.  J.  Hartley.  H.  V.  Wille. 
Chas.  L.  Huston. 

Committee  S,  on  Waterproofing  Materials. 

W.  A.  Aiken,  Chairman. 
A.  W.  Dow,  Secretary. 

Barrett  Manufacturing  Company,  W.  P.  Taylor. 

W.  S.  Babcock.  Maximilian  Toch. 

S.  R.  Church.  U.  S.  War  Department, 

E.  W.  DeKnight.  Capt.  Chester  A.  Harding. 
T.   H.  Ellis.  Warren  Brothers  Company, 
A.  W.  Munsell.                                                 A.  E.  Schutte. 

C.  S.  Reeve. 

Committee  T,  on  the  Tempering  antd  Testing  of  Steel 
'  Springs  and  Stantdard  Specifications  for  Spring  Steel. 

J.  A.  KiNKEAD,  Chairman. 

W.  A.  Bostwick.  Archibald  M.  McCrea. 

F.  O.  Bunnell.  R.  W.  Mahon. 
F.  D.  Carney.                                           E.  D.  Nelson. 

J.  C.  Davis.  A.  A.  Stevenson. 

Nathan  H.  Davis.  Max.  H.  Wickhorst. 

Alan  Lukens.  H.  V.  Wille. 

Committee  U,  on  the  Corrosion  of  Iron  and  Steel. 

Allerton  S.  Cushman,  Chairman. 
Wm.  H.  Walker,  Secretary. 

William  Campbell.  Robert  Job. 

Robert  A.  Carter.  William  M.  Parks. 

H.  M.  Howe.  F.  N.  Speller. 

Charles  L.  Huston.  Max  H.  Wickhorst. 


ANNUAL  REPORT  OF  THE  EXECUTIVE  COMMITTEE. 


Since  the  Ninth  Annual  Aleeting  of  the  Society  the  Executive 
Committee  has  held  four  regular  meetings  of  which  one  was  infor- 
mal, owing  to  the  absence  of  a  quorum.  An  abstract  of  the 
Minutes  of  these  meetings  is  appended  to  this  report. 

The  activity  of  the  Society  during  the  past  year  as  reflected  in 
the  work  of  its  committees  and  in  its  pubhcations  has  been  highly 
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satisfactory.  Volume  VI  of  the  Proceedings,  containing  712  pages 
of  printed  matter  and  290  illustrations,  exceeds  all  previous  vol- 
umes, both  in  scope  and  variety  of  contents.  Many  of  the  standing 
technical  committees  have  held  meetings  during  the  year  and  will 
present  reports  at  this  meeting. 

The  growth  of  membership  from  835  to  925  has  not  fully  met 
expectations,  and  the  Executive  Committee  desires  again  to  take 
occasion  to  urge  the  members  to  bring  the  advantages  of  the 
Society  to  the  notice  of  persons  interested  in  the  broad  field  it  aims 
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to  cover  and  qualified  to  assist  in  the  furtherance  of  the  same. 
The  losses  from  resignations  and  members  dropped  on  account  of 
arrears  in  dues  have  also  been  substantially  larger  this  year  than  in 
previous  years,  so  that  although  156  new  members  have  been 
admitted,  the  net  gain  is  only  90. 

The  large  cost  of  Volume  \T  of  the  Proceedings  and  the  in- 
creased outlay  for  clerical  services  in  handling  the  rapidly-increasing 
business  of  the  Society  has  resulted  in  a  small  deficit  for  the  year 
ending  June  15,  1907,  the  cash  balance  being  $258.80,  with  out- 
standing obligations  aggregating  $274.80,  although  the  financial 
affairs  of  the  Society  have  been  very  carefully  administered.  It  is 
estimated  that  the  unpaid  membership  dues  for  the  current  fiscal 
year,  the  dues  from  new  members  and  the  proceeds  from  sales  of 
publications  will  aggregate  about  $1,700  for  the  remainder  of 
the  year,  which  sum  will  probably  not  suffice  to  meet  the  running 
expenses.  As  foreshadowed  in  the  last  Annual  Report  the  Society 
dispensed  with  the  support  of  the  Contributing  Members  for  the 
year  1906.  In  view  of  the  conditions  above  outlined,  the  Executive 
Committee  has  recently  decided,  however,  to  call  on  the  Contribut- 
ing ]Members  for  dues  of  the  current  year  with  the  expectation 
that  the  necessity  of  doing  so  is  not  likely  to  recur  in  the  future. 

Owing  to  present  limited  financial  resources  the  Executive 
Committee  deems  it  desirable  to  defer  the  publication  in  a  separate 
volume  of  the  Standard  Specification  adopted  by  the  Society. 

The  statistics  of  the  year,  set  forth  in  more  detailed  form,  are 
as  follows: 

Membership. — The  membership  at  the  last  Annual  Meeting 
was  835.  Since  then  156  new  applications  have  been  received  and 
approved.  The  Society  has  suffered  a  loss  of  two  members  through 
death:  George  Tatnall  died  September  15,  1906,  and  Wallace  C. 
Johnson,  died  December  15,  1906.  The  number  of  resignations 
for  the  year  is  34,  and  30  members  have  been  dropped  for  arrears 
in  dues.  The  total  loss  from  all  causes  is  66,  leaving  a  net  gain  of 
90,  and  making  the  total  membership  at  present  925. 

Publications. — In  addition  to  the  annual  volume  of  the  Pro- 
ceedings (Vol.  VI,  712  pp.),  a  pamphlet  of  108  pages  containing 
the  list  of  members  and  other  information  of  a  general  nature, 
concerning  the  Society  was  issued,  as  well  as  four  official  circulars 
of  information. 
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Technical  Committees. — In  pursuance  of  action  at  the  last 
Annual  Meeting  a  new  Committee  U  on  the  Corrosion  of  Iron  and 
Steel,  has  been  organized,  and  the  attempted  organization  of  a 
Committee  on  Standard  Specifications  and  Tests  for  \Vire  Rope 
has  been  abandoned. 

Finances. — The  somewhat  unsatisf actor}'  financial  condition 
of  the  Society  and  the  causes  of  the  same,  which  are  bcheved  to  be 
of  a  temporary  nature  only,  have  been  previously  referred  to.  The 
cash  balance  is  $258.80,  and  the  outstanding  obligations  aggre- 
gate $274.80. 

ANNUAL  REPORT  OF  THE  TREASURER. 

From  June  15,  1906,  to  June  15,  1907. 

Receipts. 

Membership  Dues $4,451    94 

Contributing  Membership  Dues 350   00 

Collections  for  account  International  Association  ....  424   88 

Sale  of  publications 694  65 

Orders  for  binding 162    74 

Reprints 88  40 

Excess  remittances 6  70 

Interest  on  deposits 10  90 


Total  receipts $6, 190  21 

Cash  balance  June  15,  1906 495   18 


5,685   39 


Disbursements. 

Remitted  to  International  Association,  Dues,  etc.  .  .  $  332    71 

Expenses,  International  Association 85  93 

Printing,  engraving,  binding,  etc 3.429   12 

Secretary's  salary  to  July  i,  1906 1,500  00 

Clerical  services 515  00 

Expenses,  Secretary's  office. 269  87 

Stenographer,  Ninth  Annual  Meeting  175  00 

Committee  expenses 10 1   88 

Excess  remittances  refunded 7   08 

Total  disbursements $6,416    59 

Cash  balance,  June  15,  1907 268  80 


$6,685   39 
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Relations  with  International  Association  for  Testing  Ma- 
terials.— Of  the  925  members  of  the  American  Society,  269  hold 
membership  also  in  the  International  Association.  The  Fourth 
Congress  of  the  International  Association  held  at  Brussels  in  Sep- 
tember, 1906,  was  highly  successful,  but  the  participation  of  the 
American  members  was  disappointingly  small,  both  in  their  con- 
tributions to  the  Proceedings  and  in  point  of  attendance.  For  the 
first  time  in  its  history  the  Association  undertook  the  pubHcation 
of  official  papers  consisting  principally  of  the  reports  of  its  technical 
committees  in  three  languages.  Thirty-four  such  reports  were 
issued.  These  reports,  which  are  of  considerable  scientific  interest 
and  value,  were  furnished  to  every  member  without  additional  cost. 
Twenty-five  non-official  papers,  published  in  the  original  language 
only,  with  appended  abstracts  in  two  other  languages,  were  also 
issued  in  connection  with  the  Congress,  at  a  total  subscription 
price  of  $2.50  for  the  set.  These  papers  may  be  obtained  at  the 
price  stated,  on  apphcation  to  the  Secretary  of  the  American 
Society.  Application  blanks  for  membership  in  the  International 
Association  may  be  obtained  through  the  same  source.  The 
annual  dues  in  the  International  Association  are  $1.50,  and  there 
is  no  initiation  fee. 

Respectfully  submitted  on  behalf  of  the  Executive  Committee 

Charles  B.  Dudley, 
Edgar  Marburg,  President. 

Secretary-  Treasurer. 


REPORT  OF  AUDITING  COMMITTEE. 

Philadelphia,  Pa.,  July  9,  1907. 
To  the  Executive  Committee  of  the  American  Society  for  Testing 
Materials: 
We  have  examined  the  books  and  accounts  of  the  Secretary 
and  Treasurer,  from  January  i,  1907 — the  date  of  the  last  audit — 
to  June  15,  1907,  the  date  of  the  annual  report  of  the  Treasurer, 
and  find  the  cash  balance  of  $268.80  to  be  correct. 

[Signed]  R.  W.  Lesley, 

J.  A.  Colby, 

Auditing  Committee. 
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ABSTRACT   OF   MINUTES    OF   THE    EXECUTIVE    COMMITTEE. 

Regular  Meeting,  June  23,  1906. — Hotel  Chalfonte,  Atlantic  City, 
X.  J.     Present:  Messrs.  Lesley  and  Marburg. 

In  the  absence  of  a  quorum  the  meeting  was  declared  informal . 

The  Secretary  reported  the  receipt  of  46  applications  for  membership 
duly  approved,  making  the  total  membership  835. 

Regular  Meeting,  October  6,  1906. — Engineering  Building,  Uni- 
versity of  Pennsylvania,  Philadelphia,  Pa.  Present:  Messrs.  Dudley, 
Bostwick,  Christie  and  Marburg. 

The  action  taken  at  the  last  quarterly  meeting  on  June  23,  in  the 
absence  of  a  quorum,  was  duly  approved. 

The  Secretary  reported  the  receipt  of  58  new  applications  for  mem- 
bership, duly  approved,  and  one  resignation,  making  the  total  member- 
ship 892. 

The  following  action  was  taken  on  matters  referred  to  the  Executive 
Committee  at  the  Annual  Meeting: 

1.  To  organize  a  Committee  on  the  Corrosion  of  Iron  and  Steel. 

2.  To  refer  the  subject  of  Standard  Specifications  for  Ship  Material 

to  Committee  A,  with  instructions  to  appoint  a  sub-committee 
on  this  subject. 

3.  To  refer  the  recommendation  of  Standard   Speeds  for  Testing 

Machines  to  Committee  O  with  discretionary  power. 

4.  The  proposal  of  Committee  E  that  funds  for  its  investigations  be 

obtained  by  subscriptions,  to  be  solicited  in  the  name  of  the 
Society,  was  approved  with  the  understanding  that  the  circular 
letters  to  be  issued  in  that  connection  be  submitted  to  the  Exec- 
utive Committee  for  approval. 

5.  The  question  of  appointing  a  Committee  on  Chain  Iron  and  Steel, 

Chains  and  Chain  Cables,  was  referred  to  the  President  and 
Secretary  for  further  inquiry. 

The  Secretary  was  instructed  to  open  communication  with  the  United 
States  Bureau  of  Standards,  with  a  view  of  ascertaining  in  what  way 
co-operation  on  the  part  of  the  Society  with  that  Bureau  might  be  made 
to  mutual  advantage. 

The  question  of  publishing  all  Standard  Specifications  thus  far 
adopted  in  the  form  of  a  separate  volume  was  discussed,  but  it  was  decided 
to  defer  final  action  in  this  matter  for  the  present. 
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The  Secretary  was  instructed  to  communicate  with  the  Chairman  of 
Committee  A  to  call  his  attention  to  the  resolutions  passed  at  the  last 
Annual  Meeting  affecting  the  Standard  Specifications  for  Steel  Rails,  and 
to  recommend  that  every  effort  be  made  towards  getting  these  specifica- 
tions in  satisfactory  shape  before  the  next  Annual  Meeting. 

Regular  Meeting,  January  5,  1907. — Engineers'  Club  of  Philadel- 
phia, 1 1 22  Girard  Street,  Philadelphia,  Pa.  Present:  Messrs.  Dudley, 
Lesley,  McLeod  and  Marburg. 

The  Secretary  reported  the  receipt  of  27  new  applications  for  mem- 
bership, duly  approved,  four  resignations  and  the  loss  of  one  member 
through  the  death  of  George  Tatnall  on  September  15,  1906,  making  the 
total  membership  914. 

The  Secretary  presented  a  report  from  the  Auditing  Committee,  con- 
sisting of  Mr.  R.  W.  Lesley  and  Mr.  J.  A.  Colby,  certifying  to  the  correct- 
ness of  the  books  and  accounts  from  June  15,  1906,  to  December  31,  1906, 
and  to  a  cash  balance  of  $33.62. 

The  Secretary  was  instructed  to  communicate  with  the  Chairman  of 
Committee  A,  instructing  him  to  proceed  with  the  appointment  of  a  small 
sub-committee  to  consider  the  revision  of  the  Standard  Specifications  for 
Steel  Rails. 

The  Secretary  announced  the  appointment  by  Mr.  A.  Rieppel,  Chair- 
man of  Committee  I  of  the  International  Association,  of  Mr.  Walter  Wood 
as  the  American  member  of  a  sub-committee  of  Committee  I,  to  co-operate 
with  the  members  of  this  sub-committee  in  other  countries  in  the  consid- 
eration of  the  question  of  the  unification  of  specifications  for  Iron  and 
Steel  in  the  different  countries. 

Certain  complications  arising  out  of  the  apparent  irregularity  of  this 
appointment  which  was  made  without  notification  of  the  American  Mt  m- 
ber  of  Council  and  without  a  recommendation  on  the  part  of  the  American 
Society  were  discussed,  and  the  President  and  Secretary  were  instructed 
to  arrange,  if  possible,  for  their  satisfactory  adjustment. 

The  President  announced  the  appointment  of  Prof.  A.  N.  Talbot  as 
a  member  of  the  International  Committee  on  Reinforced  Concrete. 

The  Secretary  reported  that  the  inquiries  instituted  in  connection 
with  the  proposed  organization  of  a  Committee  on  Chain  Iron  and  Steel, 
Chains  and  Chain  Cables,  had  resulted  very  unsatisfactorily,  and  that  the 
organization  of  the  Committee  on  Standard  Specifications  and  Tests  for 
Wire  Rope  had  also  proved  impracticable.  It  was  accordingly  decided 
to  abandon  the  attempt  to  organize  the  latter  committee  with  the  con- 
currence of  the  persons  who  had  signified  their  willingness  to  accept  ser- 
vice on  the  same,  and  to  postpone  indefinitely  the  organization  of  a  com- 
mittee on  Chain  Iron  and  Steel,  Chains  and  Chain  Cables, 

Regular  Meeting,  April  6,  1907. — Merion  Cricket  Club,  Haverford, 
Pa.     Present:  Messrs.  Dudley,  Lesley,  Christie  and  Marburg. 

The  Secretary  reported  the  receipt  of  23  applications  for  membership, 
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duly  approved,  the  loss  of  one  member  through  the  death  of  Wallace  C. 
Johnson  on  December  15,  1906,  the  resignation  of  26  members  and  the 
dropping  of  30  members  on  account  of  arrears  in  dues,  making  the  total 
membership  880. 

The  Secretary  submitted  letters  from  the  International  Association 
and  from  Mr.  Rieppel,  Chairman  of  Committee  I,  acknowledging  the 
irregularity  of  the  appointment  of  the  American  representative  on  the 
International  Committee  on  Standard  Specifications,  and  stating  that 
the  Council  of  the  International  Association  had  authorized  the  appoint- 
ment of  two  representatives  from  each  country  concerned,  the  selection 
of  the  American  members  being  left  to  the  discretion  of  the  American 
member  of  Council. 

The  President  stated  that  he  had  notified  the  International  Associa- 
tion and  Mr.  Rieppel  that  this  action  was  entirely  satisfactory,  and  that 
the  appointments  woiild  be  made  later. 

The  Secretary  reported  that  at  the  last  Convention  of  the  American 
Institute  of  Architects  the  following  resolution  had  been  adopted : 

"That  the  powers  of  the  Committee  on  Specifications  be  so  enlarged 
that  they  include  co-operation  with  the  American  Society  for  Testing 
Materials  in  the  work  of  securing  and  establishing  uniform  specifications 
for  building  materials. " 

The  financial  status  of  the  Society  was  fully  discussed,  and  the  Secre- 
tary was  authorized  to  solicit  contributions  for  1907  from  the  Contributing 
Members . 

It  was  decided  that  the  attempt  to  organize  Committee  U  on  Stand- 
ard Specifications  and  Tests  for  Wire  Rope  be  abandoned. 
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Is  it  Desirable  to  Specify  a  Single  Grade  of  Structural  Steel  for  Bridges  of 

Ordinary  Spans?     Topical  Discussion. 

Formal  Discussion:   A.  P.  Boiler,  T.  L.  Condron,  Theodore  Cooper, 
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STANDARD  SPECIFICATIONS 

adopted  by  the 

American  Society  for  Testing  Materials. 

Note: — The  formulation  and  adoption  of  Standard  Specifi- 
cations for  the  various  materials  of  engineering  is  one  of  the  im- 
portant functions  of  the  Society.  These  specifications  are  revised 
from  time  to  time  to  meet  changed  conditions. 

The  following  complete  list  of  Standard  Specifications,  in 
their  latest  revised  form,  is  here  given  for  convenience  of  refer- 
ence : 

1.  Standard  Specifications  for  Structural  Steel  for  Bridges, 

Vol.  V,  pp.  48-52. 

2.  Standard   Specifications  for  Structural  Steel  for  Ships, 

Vol.  I,  pp.  81-86,  Bulletin,  No.  8. 

3.  Standard  Specifications  for  Structural  Steel  for  Buildings, 

Vol.  I,  pp.  87-92,  Bulletin,  No.  9. 

4.  Standard  Specifications  for  Open- Hearth  Boiler  Plate  and 

Rivet  Steel,  Vol.  I,  pp.  93-100,  Bulletin,  No.  10. 

5.  Standard  Specifications  for  Steel  Rails,  Vol.  I,  pp.  loi- 

106,  Bulletin,  No.  11. 

6.  Standard   Specifications  for   Steel   Splice   Bars,    Vol.   I, 

pp.  107-110,  Bulletin,  No.  12. 

7.  Standard  Specifications  for  Steel  Axles,  Vol.  V,  pp.  56- 

58- 

8.  Standard  Specifications  for  Steel  Tires,  Vol.  I,  pp.  115- 

118,  Bulletin,  No.  14. 

9.  Standard  Specifications  for  Steel  Forgings,  Vol.  V,  pp. 

59-62. 

10.  Standard  Specifications  for  Steel  Castings,  Vol.  V,  pp. 

53-55- 

11.  Standard  Specifications  for  Wrought  Iron,  Vol.  I,  pp. 

231-236,  Bulletin,  No.  24. 
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12.  Standard  Specifications  for  Foundry  Pig  Iron,  Vol.  IV, 

pp.  103-104. 

13.  Standard  Specifications  for  Cast  Iron   Pipe  and  Special 

Castings,  Vol.  IV,  pp.  57-66. 

14.  Standard   Specifications  for  Locomotive  Cylinders,  Vol. 

IV,  pp.  69-70. 

15.  Standard  Specifications  for  Cast   Iron  Car  Wheels,  Vol. 

V,  pp.  65-70. 

16.  Standard  Specifications  for  Malleable  Castings,  Vol.  IV, 

pp.  95-96. 

17.  Standard  Specifications  for  Gray  Iron  Castings,  Vol.  V, 

pp.  71-74. 

18.  Standard  Specifications  for  Cement,  Vol.   IV,  pp.  107- 

IIO. 

19.  Standard   Specifications  for   Steel  Rails,  Vol.   VII,  pp. 

44-47- 

20.  Standard   Test   for   Fireproof   Floor    Construction,  \'ol. 

VII,  pp.  179-180. 

21.  Standard  Specifications  for  Structural  Timber,  Vol.  VII, 

pp.  187-192. 
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BY-LAWS. 

Adopted  at  the  Buda-Pesth  Congress,  1901 

Section  i.  The  Association  shall  be  called  "The  Interna- 
tional Association  for  Testing  Materials." 

Sec.  2.  The  objects  of  the  Association  are:  the  development 
and  unification  of  standard  methods  of  testing;  the  investigation 
of  the  technically  important  properties  of  the  materials  of  con- 
struction and  other  materials  of  technical  importance,  and  also 
the  perfecting  of  apparatus  used  for  this  purpose. 

These  objects  will  be  furthered : 

1.  By  the  Congresses  and  other  meetings  of  the  Association. 

2.  By  the  publication  of  an  official  Journal. 

3.  By  any  other  means  that  may  appear  desirable. 

Sec.  3.  The  funds  necessary  for  carr}'ing  out  the  purposes 
mentioned  in  Section  2  wiU  be  raised  by 

1.  The  annual  subscriptions  of  members. 

2.  Profits  from  the  official  Journal. 

3.  Other  contributions. 

Sec.  4.  Any  person  may  become  a  member  upon  being  pro- 
posed by  two  members  of  the  Association. 

Official  bodies  and  technical  societies  can  be  elected  directly 
on  their  sending  in  their  application  for  membership. 

Applications  for  membership  must  be  sent  in  writing  to  the 
President  or  to  a  member  of  the  Council. 

Resignations  of  membership  must  be  sent  in  the  same  way. 

Sec.  5.  It  is  the  duty  of  ever}'-  member  to  further  the  interests 
of  the  Society  to  the  best  of  his  ability. 

Every  member  is  required  to  pay  an  annual  subscription  of 
at  least  6'Mks.==6  shillings=$i.5o.* 

The  Council  is  authorized  to  increase  the  annual  subscription 
in  order  to  cover  extraordinary  expenses  incurred  in  the  interests 
of  the  Association. 


*  Subscriptions  are  to  be  paid  to  the  duly  appointed  collectors  in 
each  country,  the  card  of  membership  serving  as  a  receipt.  Subscrip- 
tions not  paid  by  the  first  of  July  are  collected  through  the  post-office. 
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Sec.  6.  Ever}'  member  has  the  right  to  obtain  the  Journal  of 
the  Association,  during  the  period  for  which  his  subscription  has 
been  paid,  on  paying  the  fixed  reduced  price.* 

Sec.  7.  The  Association  will  hold  a  Congress,  as  a  rule,  every 
second  year. 

The  arrangements  for  the  Congresses  will  be  discussed  at 
general  meetings  and  in  meetings  of  the  different  sections. 

Sections  will  be  formed  for  the  different  groups  of  materials 
as  may  be  considered  necessary. 

At  present  there  are  three  sections: 

I.  Metals. 

II.  Natural  and  artificial  building    stones,  cements    and 
•  mortars. 

III.  Other  materials  of  technical  value. 

Any  special  questions  relating  to  the  subjects  of  the  different 
sections  will  be  considered  at  sectional  meetings. 

The  members  assisting  at  the  sectional  debates,  under  the 
presidency  of  a  member  of  the  Council,  will  appoint  the  governing 
bodies  of  the  different  sections. 

The  results  of  the  deliberations  of  the  different  sections  must 
be  communicated  at  a  general  meeting  which  will  pass  resolutions 
embodying  the  proposals  of  the  sections. 

Reports  of  Commissions,  proposals  of  the  Council  and  other 
matters  to  be  laid  before  the  Congress,  will  be  printed  in  German, 
French  and  English,  and  will  be  sent  (in  the  language  preferred) 
to  all  members  who  have  announced  their  intention  of  taking  part 
in  the  Congress,  within  fourteen  days  before  the  meeting  of  the 
Congress,  if  possible. 

The  decisions  of  the  Congress  will  be  printed  in  all  three 
languages  and  sent  to  all  members  of  the  Association. 

Sec.  8.  The  Council  of  the  Association  will  transact  all  neces- 
sary business  connected  with  the  Association. 

The  Council  will  consist  of  the  President  and  the  duly  elected 
members. 

Every  country  represented  in  the  Association  by  at  least 
twenty  members  has  the  right  to  elect  one  member  in  the  Coun- 
cil. For  those  countries  where  the  number  of  members  is  not 
twenty,  the  Council  will  appoint  a  Mandatary  who  will  take  part 
in  the  Council  meetings  with  voting  powers. 


*  The  reduced  price  has  been  fixed  at  10  Mks.=  10  shillings  =  S2.50. 
This  sum  may  be  sent  in  with  the  subscriptions.  The  yearly  volumes 
begin  on  January  i. 
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The  President  will  be  elected  by  the  Congress,  the  Council 
by  the  members  belonging  to  the  different  countries. 

Till  such  election  has  taken  place  the  former  members  of  the 
Council  remain  in  office. 

The  names  of  proposed  new  members  of  the  Council  have 
to  be  communicated  to  the  President  before  each  Congress. 

The  two  Vice-Presidents  will  be  elected  by  the  Council  from 
among  its  own  members. 

The  Council  has  the  power  to  elect  past  Presidents  as  per- 
manent members  of  Council. 

The  Council  is  entitled  to  transact  business  when  it  has  been 
duly  called  together  according  to  rule  and  when  the  President  or 
one  of  the  Vice-Presidents  is  present. 

Members  of  the  Council  may  be  re-elected. 

If  a  member  of  the  Council  resigns  during  his  term  of  office, 
the  President  shall  immediately  direct  the  election  of  a  substitute 
by  the  members  belonging  to  the  countr}^  in  question. 

In  the  event  of  the  death  or  resignation  of  the  President,  the 
Council  will  appoint  one  of  its  members  to  carry  on  the  presidential 
duties  till  the  next  Congress. 

The  term  of  office  of  the  Council  lasts  from  one  Congress  till 
the  next. 

Sec.  9.  The  business  of  the  Association  will  be  attended  to 
by  a  salaried  General-Secretary  under  the  direction  of  the  Presi- 
dent. 

The  members  of  the  Council  will  attend  to  the  business  of 
the  Association  in  the  country  which  they  represent. 

Sec.  10.  The  resolutions  of  the  Congresses  on  technical  ques- 
tions merely  serve  to  express  the  opinion  of  the  majority.  They  are 
therefore  in  the  form  of  recommendations  and  are  in  no  way  binding. 

Sec.  II.  The  resolutions  of  the  Congresses  can  only  be  carried 
if  at  least  three-fourths  of  the  recorded  votes  are  in  favor  of  them. 
Every  member  of  the  Association  present,  as  well  as  ever}^  repre- 
sentative of  official  bodies  and  technical  societies,  has  one  vote. 

The  rights  and  duties  of  a  member  of  the  Association  are  not 
altered  by  the  fact  of  his  belonging  at  the  same  time  to  a  national 
or  other  Association  which  Association  is  itself  a  member  of -the 
International  Association. 

Sec.  12.  The  technical  problems  to  be  considered  by  the  Asso- 
ciation will  be  decided  upon  by  the  Congresses  and  by  the  Council 
and  will  be  duly  referred  to  commissions  or  reporters  appointed 
by  the  Council. 
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Sec.  13.  The  Council  draws  up  its  own  regulations  according 
to  the  By-Laws  of  the  Association  and  to  the  needs  which  may 
from  time  to  time  present  themselves. 

Sec.  14.  In  the  event  of  the  Association  being  dissolved  any 
funds  belonging  to  it  will  be  handed  over  to  the  "International 
Red  Cross  Association." 


THE  INTERNATIONAL  ASSOCIATION  FOR 
TESTING  MATERIALS. 

Technical   Problems,    Committees*   and   Referees. 

As  constituted  in  September,  1906. 


SECTION  A. 


METALS. 


Problem  i. — On  the  basis  of  existing  specifications,  to  seek 
methods  and  means  for  the  introduction  of  international  speci- 
fications for  testing  and  inspecting  iron  and  steel  of  all  kinds. 
(Proposed  at  the  Zurich  Congress,  1895.) 

Committee: 

Chairman,  A.  Rieppel  Aeussere  Cramer- Klettstrasse  12,  Nurem- 
burg,     Germany. 

Vice-Chairman,  G.  Alpherts,  Koninginnegracht  66,  Hague,  Hol- 
land. 

American  Members,  James  Christie,  Carnegie  Steel  Company, 
represented  by  W.  A.  Bostwick;  Franklin  Institute,  repre- 
sented by  A.  E.  Outerbridge,  Jr.,  Paul  Kreuzpointner,  R. 
Moldenke,  W.  R.  Webster,  Walter  Wood. 

Problem  2. — To  establish  methods  of  inspection  and  testing 
for  determining  the  uniformity  of  individual  shipments  of  iron 
and  steel.     (Proposed  at  the  Stockholm  Congress,  1897.) 

Committee: 

Chairman,  W.  Ast,  Nordbahnhof,  Vienna,  Austria. 
Vice-Chairman  (office  vacant). 


*  The  names  of  only  the  Chairmen,  the  Vice-Chairmen,  and  Ameri- 
can Members  of  International  Committees  are  here  given. 
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American  Members,  Booth,  Garrett  and  Blair,  Thos.  Gray,  Gus. 
C.  Henning,  Paul  Kreuzpointner,  A.  A.  Stevenson,  W.  R. 
Webster,  Albert  Sauveur. 

Problem   4. — Methods    for   testing   welds    and    weldability. 
(Proposed  at  the  Zurich  Congress,  1895.) 
Referee,  R.  Krohn,  Danzig,  Germany. 

Committee: 

Chairman,  W.  Rayl,  Nordbahnstrasse  50,  Vienna,  II,  Austria. 
Vice-CItairman,  A.  Sailler,  Favoritenstrasse  20,  Vienna,  IV,  Aus- 
tria. 
American  Members,  M.  H.  Wickhorst,  H.  V.  Wille. 

Problem  6. — On  the  most  practical  methods  of  polishing  and 
etching  for  the  macroscopic  study  of  iron  and  steel.     (Proposed  at 
the  Zurich  Congress,  1895.) 
Referee,  E.  Heyn,  Carmerstrasse  15,  Charlottenburg,  Germany. 

Problem  25. — To  establish  uniform  methods  of  testing  cast 
iron  and  finished  castings.  (Proposed  at  the  Buda-Pesth  Con- 
gress,  1 901.) 

Committee: 

Chairman,  R.  Moldenke,  Watchung,  N.  J. 
American  Members,  Alex.  E.  Outerbridge,  Jr.,  Albert  Sauveur 
Thos.  D.  West. 

Problem  26. — Tests  with  notched  bars  for  ascertaining  the 
relations  between  the  different  methods  of  testing  and  for  fixing 
the    numerical    values    representing    the    differeni    properties    of 
metals.     (Proposed  at  the  Buda-Pesth  Congress,  1901.) 
Referee,  Ed.  Sauvage,  Rue  Eugene  Flachat  14,  Paris,  France. 

Problem  27. — Ball-pressure  tests  for  ascertaining  the  rela- 
tions between  the  different  methods  of  testing  and  for  fixing  the 
numerical  values  representing  the  different  properties  of  metals. 
(Proposed  at  the  Buda-Pesth  Congress,  1901.) 
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Referees,  J.  A.  Brinell,  Chief  Engineer,  Jemkontoret,  Stockholm, 
Sweden;  G.  Dilhier,  Director  Royal  Laboratory  for  Testing 
Materials,  Stockholm,  Sweden. 

Problem  28. — The  consideration  of  the  magnetic  and  elec- 
tric properties  of  materials  in  connection  with  their  mechanical 
testing.     (Proposed  at  the  Buda-Pesth  Congress,  1901.) 
Referees,  K.  Hochenegg,  Techn.  Hochshule,  Karlsplatz,  Vienna, 

IV,  Austria;  M.  von  Hoor  Tempik,  Kgl.  techn.  Hochschule, 

Buda-Pesth,  Hungary. 

Problem  36. — Macroscopic  examination  of  iron.      (Resolu- 
tion of  Council,  1903.) 
Referee,  W.  Ast,  Nordbahnstrasse  50,  Vienna,  Austria. 

Problem  37. — Microscopic  examination  of    iron.     (Resolu- 
tion of  Council,  1903.) 
Referee,  F.  Osmond,  83  Boulevard  de  Courcelles,  Paris,  France. 

SECTION  B. 

natural  and  artificial  building  stones  and  their  cements. 

Problem  7. — On  the  relation  of  chemical  composition  to  the 
weathering  qualities  of  building  stones;  the  influence  of  smoke, 
especially  sulphurous  acid  on  building  stones;  the  weathering 
qualities  of  roofing  slates.      (Proposed  at  the  Zurich  Congress, 

1895-) 

Committee: 

Chairman,  A.  Hanisch,  Schelhnggasse  13,  Vienna,  I,  Austria. 
V ice-Chairman,  P.  Lariviere,  Quai  Jemmapes  170,  Paris,  France. 
American  Member,  Mansfield  Merriman. 

Problem  9. — On  rapid  methods  for  determining  the  strength 
of  hydrauHc  cements.     (Proposed  at  the  Zurich  Congress,  1895.) 

Committee: 

Chairman,  F.  Berger,  Rathhaus,  Vienna,  I,  Austria. 

Vice-Chairman  (office  vacant). 

American  Members,  W.  W.  IMaclay,  Chas.  McKenna. 
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Problem   lo. — To    digest   and   evaluate    the    resolutions   of 
the  conferences  of  1 884-1 893  concerning  the  adhesive  quahties 
of  hydraulic  cements. 
Referee,  R.  Feret,  Boulogne-sur-Mer,  France. 

Problem  11. — To  establish  methods  for  testing  puzzolanas 
with  the  object  of  determining  their  value  for  mortars.  (Pro- 
posed at  the  Zurich  Congress,  1895.) 

Committee: 

Chairman,  G.  Herfeldt,  Andernach,  Germany. 
Vice-Chairman,  C.  Segre,  Ancona,  Italy. 
American  Members,  A.  Lundteigen. 

Committee: 

Chairman,  E.  Candlot,  rue  d'Edimbourg  18,  Paris,  France. 
Vice-Chairman,  N.  Lamine,  Zabalkansky  9,  St.  Petersburg,  Russia. 
American  Members,  Spencer  B.  Newberry,  Clifford  Richardson. 

Problem  13. — On  the  normal  consistency  of  cement  mortars 
for  test  specimens.     (Proposed  at  the  Zurich  Congress,  1895.) 

Committee: 

Chairman,  A.  Greil,  Rathhaus>  Vienna,  I,  Austria. 
Vice-Chairman  (office  vacant). 
American  Member,  R.  L.  Humphrey. 

Problem  29. — Determination  of  the  liter  weight  of  cement. 
The  strength  of  neat  hydraulic  cements.     Determination  of  a 
standard  sand.     (Proposed  at  the  Buda-Pesth  Congress,  1901.) 
Referees,  N.  Belelubski,  Rue  Serpuchowskaja  4,  St.  Petersburg, 
Russia;    F.  Schuele,  Eidg.  Polytechnikum,  Zurich,  Switzer- 
land. 

Problem  30. — Determination  of  the  simplest  method  for  the 
separation  of  the  finest  particles  in  Portland  cement  by  Hquid  and 
air  processes.     (Proposed  at  the  Buda-Pesth  Congress,  1901.) 
Referee,  M.  Gary,  Kgl.  mech.-techn.  Materialprufungsamt  Char- 

lottenburg,  Germany. 
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Problem   31. — On   the  behavior  of  cements   in   sea  water. 
(Proposed  at  the  Buda-Pesth  Congress,  1901.) 
Referee,  H,  Le  Chatelier,  Place  du  College  de  France  9,  Paris, 

France. 

Problem  32. — On  accelerated  tests  of  the  constancy  of  volume 
of  cements.     (Proposed  at  the  Zurich  Congress,  1895.) 

Commiitee: 

Chairman,   Bertram   Blount,   Broadway,   Westminster,   London, 

S.  W.,  England. 
Vice-Chairman  (office  vacant). 
American  Members,  R.  W.  Lesley,  Spencer  B.  Newberry. 

Problem  33. — On  the  influence  of  the  proportion  of  water 
and  sand  on  the  strength  of  Roman  and  other  cements.  (Pro- 
posed at  the  Buda-Pesth  Congress,  1901.) 

Referee,   The  Hungarian  Society  for  Testing  Materials,   Buda- 
Pesth,  Hungary. 

SECTION  C. 

other  materials. 

Problem  17. — On  methods  of  testing  tile  pipes.     (Proposed 
at  the  Stockholm  Congress,  1897.) 
Referee,     M.    Gary,   Kgl.   Materialpriifungsamt   Charlottenburg, 

Germany. 

Problem  18. — On  the  methods  of  testing  the  protective  power 
of  paints  used  on  metalhc  structures.     (Proposed  at  the  Zurich 
Congress,  1895.) 
Referees,  Albert  Grittner,  Kobanyai  ut  30,  Buda-Pesth,  Hungary; 

E.  Ebert,  Centralbahnhof,  Munich,  Germany. 

Problem  19. — On   uniform   methods   for   testing  lubricants. 
(Proposed  at  the  Zurich  Congress,  1895.) 
Referee,  N.  Petroff,  Zagorodny  70,  St.  Petersburg,  Russia. 
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Problem  23. — On  uniform  methods  for  compression  tests  of 
wood. 

Committee: 

Chairman,  Prof.  A.  Schwappach,  Eberswalde,  Germany. 
Vice-Chairman,  A.  Wykander,  Goeteborg,  Sweden. 

Problem  35. — Study  of  the  methods  of  testing  caoutchouc. 
(Proposed  at  the  Buda-Pesth  Congress,  1901.) 

Committee: 

Chairman,  E.  Camerman,  Rue  Philippe  Le  Bon  73,  Brussels, 

Belgium. 
Vice-Chairman  (office  vacant). 


SECTION  D. 

miscellaneous  subjects. 

Problem  22. — Considering  that  the  resolutions  formed  by 
the  International  Conferences  of  Munich,  Dresden,  Berlin, 
Vienna  and  Zurich,  for  the  purpose  of  attaining  unity  in  the 
methods  of  testing  materials,  and  the  report  of  the  Committee 
of  the  American  Society  of  Mechanical  Engineers  do  not  agree 
in  many  points  with  the  decisions  arrived  at  by  the  French  com- 
mission, it  is  proposed  that  the  Council  appoint  a  commission 
which  shall  prepare  a  report  upon  these  differences,  and  proposal 
for  ways  and  means  of  abolishing  them. 

Committee: 

Chairman,  N.  Belelubski,  Rue  Serpouchowskaya  4,  St.  Peters- 
burg, Russia. 

V ice-Chairmen,  A.  Martens,  Kgl.  Materialprufungsamt,  Char- 
lottenburg,  Germany;  E.  Sauvage,  I'Ecole  des  Mines,  Paris, 
France. 

American  Members,  Albert  Ladd  Colby,  Gus.  C.  Henning,  R. 
Moldenke,  George  F.  Swain,  George  S.  Webster,  W.  R. 
Webster,  Walter  Wood. 
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Problem  24. — On  uniform  nomenclature  of  iron  and  steel. 
(Resolution  of  Council,  February'  3,  1901.) 

Committee: 

Chairman,  H.  M.  Howe,  27  West  Seventy-third  street.  New  York. 
N.  Y. 

V ice-Chairmen,  L.  Le\y,  Rue  de  La  Rochefoucauld  19,  Paris, 
France;  D.  Tschemoff,  Rue  Pessatschenaia  25,  St.  Peters- 
burg, Russia. 

Secretary,  Albert  Sauveur,  446  Tremont  street,  Boston,  ]Mass. 

Problem  34. — Fixing  a  uniform  definition  and  nomenclature 
of  the  bitumens.     (Proposed  at  the  Buda-Pesth  Congress,  1901.) 

Committee: 

Chairman,  G.  Lunge,  Eidg.  Polytechnikum,  Zurich,  Switzerland. 
Viie-Chairman,    Jenoe   Kovacs,   Tataros    (Post   ]Meroe   Telegd), 

Hungar}-. 
American  Members,  A.  W.  Dow,  CHtford  Richardson. 


NEW  PROBLEMS. 

At  the  Fourth  Congress  (Brussels,  1906)  it  was  decided  to 
appoint  commissions  to  study  the  following  problems : 

1.  The  Principles  of  Specifications  for  Copper. 

2.  The    Principles  of    Specifications  for  Oils  for  Technical 
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Fig.  3. — Encased  Knot. 


Fig.  4. — Rotten  Knot. 
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Fig.  6. — Standard  Knot. 


Fig.  7. — Large  Knot. 
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Fig.  9. — Pitch  Pocket 


I 


Plate  IV. 

Proc.  Am.  Soc.  Test.  Mats. 

Volume  VII. 

CusHMAN  ON  Corrosion  of  Iron 
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Fig.  2. — Steel  Wire  Nails  in  Ferroxyl  Reagent. 
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Fig.  3. — Wrought  Iron,  Charcoal  Iron,  and 
Steel  in  Ferroxvl  Reagent. 


Fig.  4. — Steel  Nails  in  Ferroxvl  Reagent. 
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Fig.  6. — Formation  of  Crater  with  Pitting  Effect  in 
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Fig.  7. — Formation  of  Cone  with  Pitting  Effect  in 
Surrounding  Area.     (Enlarged  45  Diameters  ) 
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Fig.  8.— Etching  Efifect  Produced  on  Polished  Surfaces  of  Iron  and 

Steel  by  Immersion  in  Ferroxyl  Reagent.     S,  Bessemer  Steel; 

Z,  Puddled  Wrought  Iron;  C,  Charcoal  Iron. 
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Fig.  9. — Photographed  Rust  Spots  on  the  Surface  of  Iron. 
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Fig.  io. — Pitmarks  on  the  Surface  of  a  Boiler  Tube. 
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Fig.  I. — Longleaf  Pine. 
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Fig.  2. — Spruce. 


Fig.  3. — Chestnut. 
Manner  of  Failure  in  Compression  Tests  of  Wood  in  Different  Moisture  Conditions. 
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